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ABSTRACT
S in ce  c o l o n i a l  t im e s ,  and e s p e c i a l l y  s in c e  th e  1 9 3 0 's ,
C u r r i t u c k  S p i t ,  V i r g in i a /N o r th  C a ro l in a  has  undergone s i g n i f i c a n t  
changes i n  v e g e t a t i o n  and concom itan t  dune m orphology, as  r e v e a le d  by 
a rev iew  o f  th e  p r im ary  l i t e r a t u r e .  W e l l -v e g e ta te d  b e fo re  th e  
n in e t e e n t h  c e n tu r y ,  much o f  th e  v e g e t a t i o n  was removed by lo g g in g  
and o v e rg ra z in g .  O r i g i n a l l y ,  m a r i t im e  f o r e s t  e x i s t e d  as i s o l a t e d  
t r a c t s ,  each  t r a c t  s e p a r a t e d  from th e  n e x t  by a r e a s  o f  sand  s h e e t s ,  
medanos, i n l e t s  and fo rm er i n l e t s .  M aritim e f o r e s t  g r a d u a l ly  succumbed 
to  b u r i a l  by sand  due to  t h e  e f f e c t s  of lo g g in g ,  g r a z in g  and s to rm s 
on a d j a c e n t  a r e a s .  By 1900, much o f  t h e  S p i t  was covered  by a sand  
s h e e t .  The dune b u i l d i n g  program begun i n  th e  l a t e  1 9 3 0 's ,  and 
m a in ta in e d  l o c a l l y  i n  some a r e a s  by r e s i d e n t s ,  r e s u l t e d  i n  the  
r e - e s t a b l i s h m e n t  o f  v e g e t a t i o n  and a s u b se q u en t  dune e v o lu t io n a r y  
sequence .
V e g e ta t io n  maps w ere p re p a re d  f o r  t h r e e  compartments from 
e x i s t i n g  a e r i a l  pho tog raphy  i n  o r d e r  to  document v e g e t a t i o n  s u c c e s s io n  
and i t s  r o l e  i n  dune e v o l u t io n .  These maps r e v e a le d  t h a t  t h e  on ly  
m a jo r  d i f f e r e n c e  betw een medano, t r a n s v e r s e  and p a r a b o l i c  dune in fo rm a t io n  
was th e  growth o f  v e g e t a t i o n .
The a c t u a l  mechanism of p a r a b o l i c  dune fo rm a t io n  was 
d e l i n e a t e d  on th e  a e r i a l  p ho tog raphy  and a l s o  on th e  p re p a re d  v e g e t a t i o n  
maps. T opograph ic  maps o f  one dune were made as i t  metamorphosed 
from a medano i n t o  a p a r a b o l i c  dune. Topographic  in fo rm a t io n  was 
e x t r a c t e d  from e x i s t i n g  a e r i a l  pho tography  (1955, 1961, and 1975) 
u s in g  s im p le  p a r a l l a x  m easurem ents . In  th e  i n i t i a l  s t a g e ,  th e  l o c a l  
polym odal wind regim e r e s u l t s  i n  th e  fo rm a t io n  o f  h ig h  (~25 m ), 
s t e e p  c o n i c a l  dunes c a l l e d  m edanos, w i th  each medano c o n ta in in g  o ver  
300,000 m^ of sand . As v e g e t a t i o n  becomes e s t a b l i s h e d ,  e i t h e r  n a t u r a l l y  
o r  th ro u g h  p l a n t i n g s ,  th e s e  medanos m etam orphize i n t o  low er (~12 m) 
t r a n s v e r s e  dunes o r  p a r a b o l i c  dunes. T ra n s v e rse  dunes form when a 
polym odal w ind regim e i s  t r a n s fo rm e d  i n t o  aun im oda l wind reg im e due 
to  th e  s h e l t e r i n g  e f f e c t  of a m a r i t im e  f o r e s t  on th e  lagoon  s id e  o f  th e  
S p i t ,  in  th e  p re s e n c e  o f  an upwind sed im en t s u p p ly .  P a r a b o l i c  dunes 
form i n  th e  unim odal wind reg im e when th e  sed im en t sup p ly  i s  d im in ish e d  
by th e  growth o f  v e g e t a t i o n  on a l l  s i d e s .  I f  v e g e t a t i o n  i s  a b s e n t  
( i . e . ,  due to  s to rm s  a n d /o r  e f f e c t s  o f  man), medanos w i l l  p e r s i s t  
on th e  sand  s h e e t .  T ra n s v e r s e  dunes w i l l  form from th e  o r i g i n a l  sand 
s h e e t  in  20-30 y e a r s ;  p a r a b o l i c  dunes r e q u i r e  a t o t a l  o f  30-40 y e a r s .
These r a t e s  a r e  shown to  be d i r e c t l y  r e l a t e d  to  v e g e t a t i o n  s u c c e s s io n  
r a t e s .  The p re s e n c e  o f  medanos and t r a n s v e r s e  dunes v£  p a r a b o l i c  dunes 
i s  d i r e c t l y  r e l a t e d  to  th e  absence  o r  p r e s e n c e ,  r e s p e c t i v e l y ,  o f  a 
v e g e t a t e d  fo red u n e  which i n h i b i t s  sed im en t supp ly  v i a  e o l i a n  t r a n s p o r t  
o r  overwash.
The o b se rv ed  sequence  o f  p a r a b o l i c  dune fo rm a t io n  i s  d i f f e r e n t  
from t h a t  o r i g i n a l l y  p roposed  by Landsberg  (1956) i n  t h a t  more th an  
one wind d i r e c t i o n  i s  in v o lv e d  i n  form ing th e  dune and a l s o  because  
t h e r e  i s  a f l u x  o f  sed im en t betw een th e  arms o f  th e  p a r a b o l i c  dune.
S in ce  th e  on ly  m ajo r d i f f e r e n c e  betw een th e  th r e e  dune 
ty p e s  was th e  growth of v e g e t a t i o n ,  i t  can be concluded  t h a t  v e g e t a t i o n  
i s  th e  main f a c t o r  r e s p o n s ib l e  f o r  dune e v o lu t io n .  However, th e  
growth of v e g e t a t i o n  i s  r e g u la t e d  by overwash f req u e n c y .  On C u r r i tu c k  
S p i t ,  sand  fe n c in g  was u sed  to  c r e a t e  a p r o t e c t i v e  fo redune  i n  some 
a r e a s  w hich a l low ed  v e g e t a t i o n  to  c o lo n iz e  th e  i n t e r i o r  by re d u c in g  
overwash. I n  th o se  a r e a s  where fo red u n e  sand fe n c in g  was m a in ta in e d ,  
v e g e t a t i o n  has  expanded to  a much g r e a t e r  e x t e n t  than  i n  th o se  a r e a s  
which w ere n o t  sand  fe n c e d ,  r e s u l t i n g  in  th e  observed  e v o lu t io n a r y  
sequence  o f :
sand  s h e e t  -> medano t r a n s v e r s e  o r  p a r a b o l i c  dunes
x
HISTORICAL EVOLUTION OF COASTAL SAND DUNES ON 
CURRITUCK SPIT, VIRGINIA/NORTH CAROLINA
INTRODUCTION
P u rpose  o f  Study
C o a s ta l  dunes have o f t e n  been  c o n s id e re d  as  s t a b l e  geomorphic 
f e a t u r e s  which undergo m a jo r  changes on ly  d u r in g  s to rm s .  However, t h i s  
s tu d y  shows t h a t  c o a s t a l  dunes evo lv e  th rough  tim e i n  r e s p o n se  to  
l o c a l  w in d s ,  sed im en t sup p ly  and v e g e t a t i o n .
P re l im in a ry  o b s e r v a t io n s  o f  a e r i a l  pho tography  of  C u r r i tu c k  
S p i t ,  V i r g in i a /N o r th  C a ro l in a  r e v e a le d  an e v o lu t io n a r y  sequence  e x t a n t  
o v e r  th e  e n t i r e  S p i t .  This  t h e s i s  q u a n t i f i e s  th e s e  o b s e r v a t io n s .
S p e c i f i c a l l y ,  my o b j e c t i v e s  w ere:
1) To document th e  e v o l u t io n  of c o a s t a l  dunes on 
C u r r i tu c k  S p i t ,  V i rg in ia -N o r th  C a ro l in a
2) To develop  a c o n c e p tu a l  model o f  dune e v o lu t io n
3) To q u a n t i f y  th e  i n t e r a c t i o n  between v e g e t a t i o n  and wind 
c l im a te ,  and th e  r e s u l t i n g  dune e v o lu t io n  and 
morphology.
A 60 km re a c h  of C u r r i tu c k  S p i t  betw een Back Bay, V i r g i n i a ,  
and Duck, N orth  C a ro l in a  (F ig u re  1 ) ,  was chosen as th e  l o c a t i o n  f o r  
t h i s  s tu d y  b ecau se  t h i s  reach  rem ained r e l a t i v e l y  undeve loped ,  which 
a l low ed  th e  assum ption  to  be made t h a t  dune e v o lu t io n  i n  th e  s tu d y  
a r e a  was l a r g e l y  th e  p ro d u c t  o f  n a t u r a l  p r o c e s s e s .
Contemporary Land Use
Contemporary la n d  u se  a long  C u r r i tu c k  S p i t  encompasses th e  
spec trum  o f  f u l l y  developed  ( i . e . ,  S an d b r id g e ,  V i r g in i a )  to  W i ld l i f e
2
3F ig u r e  1. R eg io n a l  L o c a t io n  Hap,
00 ' 00‘
MO.
0 0 '
G L O U C E S T E R
P O I N T
. T H I M B L E  S H O A L
0 0 'FORT STORY
O C H E S A P E A K E  L IG H T  TOWER  
VIRGINIA BEACH COAST GUARD ST A T IO N
•VIRGINIA BEACH T ID E  GAGE
H A M P T O N
R O A D S
T ID E
GAGE NORFOLK  
N T E R N  A T I O N A L  
A IR P O R T
DUCK
^ A R L E  SOUND
3636
0 0 ’DO'
OREGON I N L E T
K I L O M E T E R S
20  30  40  50
30!0 20  
N A U T I C A L  V I L E S
H A T T E R A 1
IN L E T y ^ CAPE H A T T E R A S
0 0 ’7 6 ° 00
4Refuge ( i . e . ,  Back Bay N a t io n a l  W i l d l i f e  Refuge, V i r g i n i a ) .
The so u th e rn m o st  p o r t i o n  o f  the  S p i t  l i e s  w i t h i n  th e  Cape 
H a t t e r a s  N a t io n a l  S easho re  w h i le  im m edia te ly  n o r th  o f  th e  N a t io n a l  
S easho re  a re  th e  summer r e s o r t  communities o f  Nags Head, K i t t y  Hawk, 
and Duck, N orth  C a ro l in a .  N orth  o f  Duck th e  S p i t  rem ains n e a r l y  
undeveloped . However, developm ent p r e s s u r e s  a r e  r a p i d l y  i n c r e a s in g  
as a r e s u l t  o f  th e  in c r e a s e d  demand f o r  r e c r e a t i o n a l  a r e a s  caused  by 
th e  r a p i d  i n c r e a s e  i n  p o p u la t io n  o f  th e  Hampton Roads, V i r g i n i a  a r e a .  
P ro c e e d in g  n o r th  to  th e  V i r g i n i a  b o r d e r ,  t h i s  a r e a  o f  s c a t t e r e d  
developm ent has  undergone o n ly  slow growth due to  a l a c k  o f  h a rd  
s u r f a c e  a c c e s s  ro a d s .  F u r th e rm o re ,  a c c e s s  from th e  n o r th  has  been  
r e s t r i c t e d  by th e  F e d e ra l  Government a t  Back Bay N a t io n a l  W i l d l i f e  
Refuge. In  V i r g i n i a ,  th e  so u th e rn m o st 18 km o f  th e  S p i t  rem ain  
undev e lo p ed ,  as p a r t  o f  F a ls e  Cape S t a t e  P ark  and Back Bay N a t io n a l  
W i l d l i f e  Refuge. N orth  o f  Back Bay, th e  S p i t  i s  f u l l y  deve loped  a t  
S an d b r id g e ,  V i r g i n i a .

6C u r r i t u c k  S p i t ,  i n  f a c t ,  has  e x h i b i t e d  growth by s p i t  e l o n g a t io n  a t  
Oregon I n l e t ,  N. C. and m a in land  detachm ent a t  Back Bay, V i r g i n i a  
( S w i f t ,  1975).
Z e llm er  (19 77) an a ly zed  35 co re s  ta k e n  on th e  s h e l f  
im m ed ia te ly  seaw ard o f  Dam Neck, V i r g in i a  and found a v e r t i c a l  
sequence  i n d i c a t i v e  o f  a fo rm er back  b a r r i e r  d e p o s i t .  This s u g g e s ts  
t h a t  C u r r i tu c k  S p i t  m ig ra te d  landward to  i t s  p r e s e n t  p o s i t i o n  under 
th e  in f l u e n c e  o f  a r i s i n g  s e a  l e v e l ,  as has a l s o  been su g g e s te d  by 
F ie l d  and Duane (1976).
Gutman (1977a) i n v e s t i g a t e d  wave s e a s o n a l i t y  and found t h a t  
wave s e a s o n a l i t y  ( i . e . ,  w i n t e r  s to rm s and summer calm) i s  p r e s e n t  to  
a m inor e x t e n t .  Wave c l im a te  has been d e l in e a t e d  by Goldsm ith  e_t a l . 
(19 7 4 ) ,  and an a t te m p t  to  r e l a t e  wave r e f r a c t i o n  com puta tions  to  
s h o r e l i n e  e r o s io n  i n  th e  Cape H a t t e r a s  N a t io n a l  S eashore  ( F i s h e r  
e t  a l . , 19 75) i n d i c a t e d  a s i g n i f i c a n t  c o r r e l a t i o n ,  w here in  a re a s  o f  
wave ray  convergence had s i g n i f i c a n t l y  h ig h e r  e r o s io n  r a t e s  than  d id  
a r e a s  o f  wave ray  d iv e rg e n c e .
F r i s c h  (1977) i n v e s t i g a t e d  th e  s e a s o n a l i t y  o f  s h o r e l i n e  
e r o s io n  between Cape Henry, V i r g i n i a  and th e  V i r g in i a /N o r th  C a ro l in a  
l i n e  and concluded  t h a t ,  i n  g e n e r a l ,  most e r o s io n  o f  th e  fo re s h o re  
and b ack sh o re  o c c u r re d  d u r in g  f a l l  s to rm s and t h a t  a c c r e t i o n  could  
occu r  th ro u g h o u t  th e  rem a inder  o f  th e  y e a r .  However, p e r io d s  of 
e r o s io n  and a c c r e t i o n  v a r i e d  w id e ly  b o th  s p a t i a l l y  and te m p o ra l ly .
G oldsm ith  e_t _al. (1977a) o b ta in e d  beach p r o f i l e  d a ta  f o r  
18 l o c a t i o n s  from Cape H enry, V i r g in i a  to  th e  V i r g i n i a  -  N orth  C a ro l in a  
l i n e  o v e r  a t h r e e  to  e i g h t  y e a r  p e r io d .  T h e i r  d a t a  show t h a t  
s h o r e l i n e  e ro s io n  i s  ex t re m e ly  v a r i a b l e  as beaches  only  a few k i l o ­
7m e te rs  a p a r t  can c o n c o m ita n t ly  e rode  and a c c r e t e .  S u t to n  et^ a l .  (1977) 
examined long  te rm  t r e n d s  ( i . e . ,  over  125 y e a r s ) ,  and o b ta in e d  s i m i l a r  
r e s u l t s  f o r  th e  same a r e a .  S w if t  (1972) i n v e s t i g a t e d  a s e r i e s  o f  
o f f s h o r e  r id g e s  n e a r  F a l s e  Cape, V i r g i n i a  and m easured t h e i r  movement 
th ro u g h  tim e s e r i e s  a n a l y s i s .  These o f f s h o r e  r id g e s  a f f e c t  th e  
r e f r a c t i o n  of waves p a s s in g  o v e r  them, which may acc o u n t f o r  th e  
l o c a t i o n  o f  some o f  th e  e ro d in g  and a c c r e t i n g  beaches  b eh in d  them, 
as m easured by G oldsm ith  ejt _al. (1977a).
L a n g fe ld e r  ej: _al. (1968) and El Ashry and Wanless (1968) 
used  a e r i a l  pho tography  to  document e r o s io n  a long  th e  A t l a n t i c  Coast 
o f  N orth  C a ro l in a .  L a n g fe ld e r  et_ a l .  (1968) concluded  t h a t  a l th o u g h  
th e  O u ter  Banks a r e  e ro d in g ,  th e  r a t e  o f  e r o s io n  i s  e x tre m e ly  v a r i a b l e .  
Boc and L a n g fe ld e r  (1977) documented overwash a long  th e  c o a s t  o f
N orth  C a ro l in a  and found t h a t  l i t t l e  o r  no overwash has  o c c u r re d  s in c e
1962 on C u r r i tu c k  S p i t .  P r i o r  to  th e  Ash Wednesday s to rm  o f  1962, 
C u r r i t u c k  S p i t  had been  p a r t i a l l y  overwashed in  some a r e a s  and 
co m p le te ly  overwashed n e a r  th e  c e n t e r  of C u r r i tu c k  coun ty . S ince  
developm ent had n o t  o c c u r re d  i n  th e  co u n ty ,  th ey  concluded  t h a t  
developm ent had no e f f e c t  on th e  s u s c e p t i b i l i t y  o f  th e  a r e a  to  overwash.
The mean t i d a l  range  f o r  th e  a r e a  i s  1 .1  m, a n e a r  minimum
v a lu e  f o r  th e  E a s t  C oast n o r th  o f  F lo r id a  ( R e d f ie ld ,  1958). No
sto rm  su rg e  re c o rd s  e x i s t  f o r  t h i s  p o r t i o n  of C u r r i tu c k  S p i t ,  however, 
th e  maximum su rg e  e v e r  r e c o rd e d  a t  nearby  Hampton Roads, V i r g in i a  
i n s i d e  Chesapeake Bay was 1 .9  m above mean h ig h  w a te r  (MHW) i n  August 
1933 (P o re  and R ic h a rd so n ,  1977). The l a s t  m ajo r  s to rm  to  a f f e c t  
t h i s  a r e a  was th e  Ash Wednesday s to rm  of March 7, 1962, which had a 
s u rg e  o f  1 .72  m above MHW as re c o rd e d  a t  Hampton Roads, V i r g in i a .
S in ce  t h a t  t im e ,  s to rm s have been i n f r e q u e n t .
Dunes
Dunes a r e  n e a r l y  u b iq u i to u s  i n  t h e i r  d i s t r i b u t i o n  a long  
th e  A t l a n t i c  Coast o f  th e  U n ite d  S t a t e s  and have been c l a s s i f i e d  by 
many i n v e s t i g a t o r s  (G o ld sm ith ,  1978). G oldsm ith jet _al. (1977b) 
d e v ise d  a c l a s s i f i c a t i o n  system  f o r  C u r r i tu c k  S p i t  w hich d i f f e r e n t i a t e s  
dunes as  to  w h e th e r  they  a r e  v e g e t a t e d ,  u n v e g e ta te d ,  n a t u r a l ,  o r  
m an-induced . C o a s ta l  dunes d i f f e r  from d e s e r t  dunes by th e  p re s e n c e  
o f  v e g e t a t i o n ,  due to  a l a r g e  su p p ly  o f  m o is tu re  i n  th e  form of r a i n  
on C u r r i tu c k  S p i t  and dew a long  th e  G^za Coast o f  I s r a e l .  As a r e s u l t ,  
c o a s t a l  dune morphology i s  d i r e c t l y  r e l a t e d  to  th e  q u a n t i t y  o f  v e g e t a t i o n .  
P a r a b o l i c  dunes , f o r  exam ple, form p r im a r i ly  b ecu ase  o f  th e  in f lu e n c e  
o f  v e g e t a t i o n ,  and a r e  common i n  c o a s t a l  a r e a s  w hereas th e y  a re  
r e l a t i v e l y  r a r e  i n  d e s e r t  r e g io n s .
Large p a r a b o l i c  dunes a long  C u r r i tu c k  S p i t  have been 
i n v e s t i g a t e d  by Gutman (1 9 7 8 ) ,  who h y p o th e s iz e d  t h a t  t h e i r  o r i e n t a t i o n  
was due to  th e  i n f l u e n c e  o f  v e g e t a t i o n  on th e  l o c a l  wind reg im e.
Upon a t te m p t in g  to  c o r r e l a t e  th e  l o c a l  wind r e s u l t a n t ,  based  upon 
one y e a r  o f  w ind d a t a ,  w i th  p a r a b o l i c  dune o r i e n t a t i o n  he found no 
a p p a re n t  r e l a t i o n s h i p .  He p roposed  t h a t  a 15 -m ete r  h ig h  m a ri t im e  
f o r e s t  on th e  in l a n d  s id e  o f  th e  S p i t  e f f e c t i v e l y  n e g a te d  th e  o f f s h o r e  
wind component and, fo l lo w in g  a method p roposed  by Je n n in g s  (1 9 5 7 ) ,  
c o r r e l a t e d  on ly  onshore  winds w i th  dune a x is  o r i e n t a t i o n .  In  t h i s  
c a s e ,  th e  onshore  wind r e s u l t a n t  was a l ig n e d  w i th i n  10° azim uth  o f  
th e  p a r a b o l i c  dune axes .  Thus, he concluded  t h a t  v e g e t a t i o n  p la y ed  a 
s i g n i f i c a n t  r o l e  i n  th e  fo rm a t io n  and o r i e n t a t i o n  o f  th e s e  p a r a b o l i c  
d u n es .
9Rosen e_t a l .  (1977) m easured fo re d u n e  c ro s s  bedd ing  from 
Cape H enry , V i r g i n i a  to  Ocracoke I s l a n d ,  N orth  C a ro l in a  and found 
t h a t  th e  s t r i k e  o f  the  beds was p a r a l l e l  to  th e  s h o r e l i n e ,  and t h a t  
th e  beds d ipped  b im o d a l ly  i n  th e  o f f s h o r e  and onshore  d i r e c t i o n s  a t  
low a n g le s .  T h is  r e s u l t  was s u r p r i s i n g  in  t h a t  i t  d i f f e r e d  from 
m easurem ents made o f  c o a s t a l  dunes around th e  w orld  (G o ldsm ith ,  1978).
In  o t h e r  a r e a s  t h e  s t r i k e  and d ip  o f  th e  beds was d i r e c t l y  r e l a t e d  
to  th e  l o c a l  wind c l im a te  w h i le  on C u r r i tu c k  S p i t ,  t h e r e  was l e s s  
o f  a r e l a t i o n  to  th e  l o c a l  wind c l im a te .  They h y p o th e s iz e d  t h a t  
t h i s  was due to  th e  emplacement o f  sand  fe n c in g  f o r  p rom oting  a s h o re -  
p a r a l l e l  dune r id g e  a long  most o f  th e  c o a s t l i n e .
Rosen j_t a l .  (1977) a l s o  s tu d i e d  th e  c ro s s  bedd ing  o f  a 
l a r g e  p a r a b o l i c  dune in  th e  s tu d y  a r e a  and found t h a t  most beds have 
low a n g le  d ip s  (mean = 1 2 .2 °)  and t h a t  t h e r e  was a wide s c a t t e r  o f  
d ip  d i r e c t i o n .  Most beds  d ip  ap p ro x im a te ly  90° c o u n te rc lo c k w ise  
from th e  s u r f a c e  o r i e n t a t i o n  o f  th e  dune (NlO°E) and they  a t t r i b u t e d  
t h i s  to  th e  im p o rtan ce  o f  th e  n o r th w e s t  w ind.
Gutman (1978) a l s o  m easured th e  m ig r a t i o n  r a t e s  o f  two 
l a r g e  sand h i l l s  i n  th e  a r e a ,  which were 6 m p e r  y e a r  and l e s s  th an  
1 m p e r  y e a r .  He showed t h a t  t h i s  v a r i a t i o n  was d i r e c t l y  r e l a t e d  to  
th e  v a r i a t i o n  i n  d e n s i t y  o f  v e g e t a t i o n  in  th e  im mediate v i c i n i t y  o f  
th e  two d u n es .
S in ce  th e  1930’ s ,  management s t r a t e g i e s  have been concerned  
w i th  p r o t e c t i n g  th e  i n t e r i o r  o f  th e  S p i t .  In  an a t te m p t  to  reduce  
s to rm  e f f e c t s ,  sand  f e n c in g  has been used  to  c r e a t e  a p r o t e c t i v e  
fo red u n e  a lo n g  most o f  th e  c o a s t .  T h is  i s  p a r t i c u l a r l y  t r u e  o f  th e  
Cape H a t t e r a s  N a t io n a l  Seasho re  where a s i n g l e ,  c o n t in u o u s ,  w e l l -  
v e g e t a t e d  fo red u n e  has  been  c r e a te d  and m a in ta in e d .  Recent s t u d i e s ,
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though ,  have warned t h a t  t h e  c r e a t i o n  o f  such an im permeable b a r r i e r  
may a f f e c t  th e  long  te rm  s t a b i l i t y  o f  th e  b a r r i e r  i s l a n d  by l i m i t i n g  
overw ash and i n l e t  fo rm a t io n  (D olan , 1972; 1973; Godfrey and G odfrey,
1 972) .  More r e c e n t  s t u d i e s  by Leatherm an et^ a l .  (1976) have shown 
t h a t  overwash may n o t  f u r n i s h  s i g n i f i c a n t  q u a n t i t i e s  o f  sed im en t 
to  th e  i n t e r i o r  o f  t h e  i s l a n d ,  and G odfrey (1976, 1978) has  s t a t e d  
t h a t  th e  im p o rtan ce  o f  overw ash a s  a mechanism f o r  th e  landward m ig ra ­
t i o n  o f  b a r r i e r  i s l a n d s  may be o v e re s t im a te d .  No s t u d i e s  have a t te m p te d  
to  e x p la in  th e  r e d u c t io n  in  t h e  number o f  ob se rv ed  i n l e t s  a lo n g  t h i s  
a r e a  s in c e  th e  e a r l y  1800’s .  However, t h i s  may be r e l a t e d  to  l a r g e  
s c a l e  c l i m a t i c  changes w hich have r e s u l t e d  in  a d im in ish ed  storm  
f re q u e n c y  ( F i s h e r ,  1962),  o r  to  sed im en t i n - f i l l i n g  o f  th e  bays 
b e h in d  th e  b a r r i e r  s p i t .
As an a d ju n c t  to  th e  im portance  o f  overwash and i n l e t  
fo rm a t io n  in  b a r r i e r  i s l a n d  m i g r a t i o n ,  Jones  and Cameron (1977) have 
r e c e n t l y  h y p o th e s iz e d  t h a t  e o l i a n  t r a n s p o r t  may a i d  th e  landward 
m i g r a t i o n  o f  a b a r r i e r  i s l a n d  un d er  c o n d i t io n s  o f  a s t a b l e  sea  
l e v e l .  Sand i s  blown a c r o s s  t h e  i s l a n d  where i t  i s  t r a p p e d  by marsh 
v e g e t a t i o n  (Hobbs, in  p r e s s )  and o v e r  a long  p e r io d  o f  t im e ,  e o l ia n  
t r a n s p o r t  may acco u n t f o r  a s i g n i f i c a n t  p o r t i o n  of th e  sed im ent 
t r a n s p o r t e d  landw ard o v er  th e  b a r r i e r .  Of c o u r s e ,  t h i s  th e o ry  i s  
o n ly  a p p l i c a b l e  in  th o se  a r e a s  where onshore  winds a r e  s i g n i f i c a n t .
V e g e ta t io n
C o a s ta l  v e g e t a t i o n  i s  s u b je c t e d  to  s e v e re  p h y s ic a l  s t r e s s e s  
due to  i t s  p ro x im i ty  to  t h e  ocean . Many s t u d i e s  have a t te m p te d  to  
d e l i n e a t e  th e s e  s t r e s s e s  and t h e i r  e f f e c t s  on such p r o c e s s e s  as
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s u c c e s s io n  and z o n a t io n .  W ells  (1939) d e s c r ib e d  a p in e -o a k  a s s o c i a t i o n  
as  th e  c l im ax  community f o r  t h i s  r e g io n  and concluded  t h a t  w ind -bo rne  
s a l t  s p ra y  was r e s p o n s i b l e .  O o s t in g  and B i l l i n g s  (1942) expanded 
on t h i s  th e o ry  and q u a n t i f i e d  th e  e f f e c t s  o f  wind and s a l t  s p ra y .
Au (1970) a l s o  conc luded  t h a t  s a l t  s p ra y  and wind p ru n in g  w ere 
s i g n i f i c a n t  f a c t o r s ,  though he added w a te r  t a b l e  d e p th ,  ex trem e 
te m p e ra tu re  v a r i a t i o n s ,  and g r a z in g  as a d d i t i o n a l  f a c t o r s  i n  v e g e t a t i o n a l  
z o n a t io n .  B oule  (1976) s tu d ie d  s u c c e s s io n  on F isherm an’ s I s l a n d  
V i r g i n i a  and found t h a t  dune morphology and v e g e t a t i o n  a r e  i n t e r r e l a t e d .  
Storms a l s o  a f f e c t  v e g e t a t i o n  as  overwash cau ses  b u r i a l  by sand .
Some s p e c i e s ,  such as Ammophila b r e v i l i g u l a t a , may r e q u i r e  b u r i a l  by 
sand  to  m a in ta in  v ig o ro u s  grow th  (G o ldsm ith ,  1978). O ther  s p e c ie s  
a r e  u n a b le  to  s u r v iv e  b u r i a l  by san d ,  th u s ,  b u r i a l  a l s o  p la y s  a r o l e  
in  v e g e t a t i o n  z o n a t io n .  Sand b u r i a l  may b e  due. to  e i t h e r  overwash 
o r  e o l i a n  p r o c e s s e s ,  th u s  v e g e t a t i o n  z o n a t io n  and s u c c e s s io n  may ^ l s o  
be r e l a t e d  to  t h e  a v a i l a b l e  e o l i a n  sed im en t su p p ly .
O ther  s t u d i e s  have  d e s c r ib e d  v e g e t a t i o n  d i s t r i b u t i o n  on th e  
O u te r  Banks. Brown (1959) and Levy (1976) i d e n t i f i e d  v e g e t a t i o n  
com m unities and l i s t e d  t h e  p l a n t  s p e c ie s  found i n  e a c h  community.
Boule (1976) a l s o  d e s c r ib e d  th e  s p e c ie s  he found on F ish e rm a n ’s 
I s l a n d .  E a r ly  s t u d i e s  by Kearney (1900) and Johnson C19Q0J a l s o  
q u a n t i f i e d  t h e  e x t e n t  o f  v a r io u s  s p e c i e s .  W ells  C1939) , Au (.1970) ,
B oule  (1976) , and S ch ro ed e r  ja t aJL. (1977) a l l  d e s c r ib e d  s u c c e s s io n a l  
t r e n d s  i n  th e  s tu d y  a r e a  and concluded  t h a t  a p in e -o a k  m a ri t im e  f o r e s t  
i s  th e  c l im ax  community. S ch ro ed e r  e t  a l .  (1977) a t te m p te d  to  r e l a t e  
t h i s  to  t h e  r e c e n t  emplacement o f  sand  f e n c in g  in  th e  a r e a ,  w hich, 
they  s u g g e s te d ,  a l l e v i a t e d  p h y s i c a l  s t r e s s e s  and r e s u l t e d  in  a c lim ax 
community t h a t  i s  i n h e r e n t l y  u n s t a b l e .
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S in co c k  j i t  j i l .  (1965) mapped marsh v e g e t a t i o n  in  Back Bay,
V i r g in i a  and C u r r i t u c k  Sound, N orth  C a ro l in a ,  and th e  W etlands S e c t io n  
a t  VIMS i s  c u r r e n t l y  t a k in g  an in v e n to ry  o f  t h e  m arshes i n  Back Bay.
The m arshes  i n  th e  a r e a  a r e  r e p r e s e n te d  by t y p i c a l  f r e s h / b r a c k i s h  
marsh v e g e t a t i o n  (W a lte r  P r i e s t ,  Departm ent o f  W etlands R esearch  a t  
VIMS, p e r s o n a l  com m unica tion ),  w i th  th e  p redom inan t p l a n t s  b e in g  
g r a s s e s ,  s e d g e s ,  r u s h e s ,  and c a t t a i l s .  Remnants o f  s a l t  marsh e x i s t ,  
p ro b a b ly  due to  t h e  h i s t o r i c a l  o c c u r re n c e  o f  overwash and i n l e t s ,  
w hich r a i s e d  t h e  s a l i n i t y  o f  th e  la g o o n .  At t h e  p r e s e n t  t im e ,  s a l t  
w a te r  i s  pumped in t o  Back Bay a t  S an d b r id g e ,  VA in  o rd e r  to  m a in ta in  
a s a l i n i t y  o f  1-4  ° /o o .  I t  i s  b e l i e v e d  t h a t  t h i s  red u ce s  t u r b i d i t y  
by in d u c in g  f l o c c u l a t i o n  o f  suspended sed im en ts  whijch r e s u l t s  i n  
r a p id  d e p o s i t i o n .  B ecause t u r b i d i t y  has  been  re d u c e d ,  subaqueous 
v e g e t a t i o n  co v e rs  n e a r l y  t h e  e n t i r e  bottom  o f  Back Bay and C u r r i tu c k  
Sound. F u r th e rm o re ,  p l a n t  s u c c e s s io n  w i th i n  th e  m arshes has been  
c o m p lic a te d  by t h e  changes betw een f r e s h  and s a l i n e  w a te r ,  and a l s o  
by man’s e f f e c t s  ( S i lb e r h o r n ,  1977).
Marsh v e g e t a t i o n  a l s o  p la y s  a s i g n i f i c a n t  r o l e  in  th e  
l o c a l  abundance o f  w a te r fo w l .  I t  i s  e s t im a te d  t h a t  more th a n  15% 
o f  th e  w a te r fo w l u s in g  th e  A t l a n t i c  Flyway w in t e r  i n  th e  a r e a ,  th u s  
any s i g n i f i c a n t  a l t e r a t i o n s  o f  marsh com munities can have d e l e t e r i o u s  
e f f e c t s  on th e  w a te r  fowl p o p u la t io n  (Howard ^it a l . , 1975) . U nfor­
t u n a t e l y ,  long  te rm  d a t a  upon which to  b a se  management d e c i s io n s  a r e  
l a c k in g .
E u ra s ia n  M i l f o i l  has r e c e n t l y  been  re c o g n iz e d  as  a problem  
in  Back Bay and C u r r i t u c k  Sound. E x te n s iv e  grow th has o c c u r re d  due 
to  th e  in c r e a s e d  u se  o f  f e r t i l i z e r  on a d j a c e n t  fa rm lan d ,  and t h i s
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has  r e s u l t e d  in  a s i g n i f i c a n t  d e c re a s e  in  th e  fo rm e r ly  e x t e n s iv e  
f r e s h  w a te r  f i s h i n g  in d u s t r y  (Howard, e_t aJL. ,  1975).
THE EARLY HISTORY OF CURRITUCK SPIT (1585-1940)
I n t r o d u c t i o n
In  o rd e r  to  p r o p e r ly  e v a l u a t e  th e  e v o lu t io n  o f  dunes on 
C u r r i t u c k  S p i t ,  an e x t e n s iv e  l i t e r a t u r e  s e a rc h  was u n d e r ta k e n  to  
d e l i n e a t e  th e  o r i g i n a l  (p re -E u ro p ea n  s e t t l e m e n t )  c o n d i t io n  o f  th e  
S p i t .  The pu rp o se  o f  th e  l i t e r a t u r e  su rv ey  was to  d e te rm in e  w h e th e r  
th e  p r e s e n t  c o n d i t io n  o f  th e  S p i t  i s  anomalous w i th  i t s  p a s t  c o n d i t io n ,  
and a l s o  to  d e te rm in e  w h e th e r  o r  n o t  th e  p r e s e n t  growth o f  v e g e t a t i o n  
was abnorm al. A s y n o p s is  o f  th e  e a r l y  h i s t o r y ,  drawn from th e  
p r im ary  l i t e r a t u r e ,  i s  p r e s e n te d  as Appendix A.
Summary o f  th e  E a r ly  H is to r y
The e a r l y  h i s t o r y  o f  C u r r i tu c k  S p i t ,  as  d e l i n e a t e d  in  
Appendix A, s t r o n g l y  s u g g e s ts  t h a t  th e  O u ter  Banks w ere o r i g i n a l l y  
w e l l  v e g e t a te d  and t h a t  d e v e g e ta t io n  was due to  th e  a c t i v i t i e s  o f  
man and h i s  an im a ls .  However, t h i s  c o n c lu s io n  has  been d eb a ted  (Dunbar, 
1958). The th e o ry  o f  a fo rm e r ly  w e l l  v e g e t a te d  O u te r  Banks may r e s u l t  
from a f a i l u r e  on th e  p a r t  o f  e a r l y  o b s e rv e r s  to  u n d e rs ta n d  th e  t r u l y  
dynamic n a t u r e  o f  th e  O u te r  Banks (Dunbar, 1958). Dunbar (1958) 
ob se rv ed  t h a t  e a r l y  maps and c h a r t s  do n o t  show l a r g e  a re a s  of 
v e g e t a t i o n  and concluded  th a t  th e  O u te r  Banks were o r i g i n a l l y  
s p a r s e l y  v e g e t a te d .  Dolan (1971) , Godfrey (1973) , and S h ro ed er  ejt 
a l . (1977) a rgue  a g a i n s t  a w e l l  v e g e t a te d  O uter  Banks, and have 
warned t h a t  th e  p r e s e n t  i n c r e a s e  in  v e g e t a t i o n  may have d e l e t e r i o u s
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long  te rm  e f f e c t s  on th e  a b i l i t y  o f  t h e  Banks to  m a in ta in  them se lves  
a g a i n s t  an e v e r  r i s i n g  s e a  l e v e l .
The e a r l i e s t  s c i e n t i f i c  o b s e r v a t io n s  o f  th e  O uter Banks 
d a t e  o n ly  from t h e  l a t e  n i n e t e e n t h  c e n tu ry  and , a t  t h a t  t im e ,  
e x t e n s iv e  a r e a s  o f  b a r e  sand and m ig r a t i n g  sand h i l l s  ( i . e . ,  medanos) 
e x i s t e d  on th e  Banks. Large  s c a l e  g r a z in g  was a l s o  i n  e v id e n c e .
Thus, e a r l y  o b s e rv e r s  concluded  t h a t  g r a z in g ,  i n  l a r g e  p a r t ,  was 
r e s p o n s i b l e  f o r  th e  g e n e r a l l y  u n s t a b l e  c o n d i t i o n  o f  th e  O u ter  Banks 
(S p e a r s ,  1890; Cobb, 1906) .  Assuming t h a t  t h e  Banks w ere o r i g i n a l l y  
f o r e s t e d ,  as  w ere  a few a r e a s ,  th ey  conc luded  t h a t  lo g g in g  had 
o c c u r r e d ,  w hich r e s u l t e d  i n  a r e l e a s e  o f  th e  m ig r a t in g  sand s h e e t s .  
G raz ing  f u r t h e r  d e s t ro y e d  v e g e t a t i o n  and h e lp ed  make a bad s i t u a t i o n  
w o rse .  These w ere  l o g i c a l  c o n c lu s io n s  b ased  on th e  a v a i l a b l e  
e v id e n c e .  However, i n  l a c k in g  b a s e l i n e  d a t a  upon which to  draw 
c o n c lu s io n s ,  t h e i r  o b s e r v a t io n s  a r e  te n u o u s .  I f  t h e  O ute r  Banks 
w ere  n o t  o r i g i n a l l y  f o r e s t e d ,  what th e n  was t h e i r  o r i g i n a l  s t a t e ?
F ig u re s  2 to  5 a r e  c o p ie s  o f  to p o g ra p h ic  maps, a l l  d a t in g  
from t h e  1850’s ,  w hich  show contem porary  la n d  u s e  on C u r r i t u c k  S p i t .  
The on ly  l a r g e  a r e a  o f  f o r e s t  i s  a t  F a l s e  Cape ( F ig u re  3) , and 
even h e r e ,  th e  f o r e s t  does n o t  ex ten d  to  w i t h i n  200 m of th e  
o cean .  S c a t t e r e d  w i t h i n  th e  f o r e s t  a t  F a l s e  Cape a r e  n e a r ly  20 
h o u se s ,  and many o f  them a d j o in  c u l t i v a t e d  la n d .  The av e ra g e  s i z e  
o f  th e  c u l t i v a t e d  p l o t s  i s  a p p ro x im a te ly  2 h e c t a r e s ,  and a l l  a r e  
found w i t h i n  th e  f o r e s t .  The im p l i c a t io n  i s  t h a t  s h i f t i n g  sands 
seaw ard o f  th e  f o r e s t  made a g r i c u l t u r e  an u n p r o f i t a b l e  o c c u p a t io n  
t h e r e .  F u r th e rm o re ,  food c ro p s  g e n e r a l l y  r e q u i r e  a r i c h  s o i l ,  so 
th e  f o r e s t  was t h e  l o g i c a l  p la c e  to  s i t e  a f i e l d  as  a l a y e r  o f  humus
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F ig u re  2. 1850 Topograph ic  Hap of  Back Bay A rea ,
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Figure 3. 185Q Topographic Map o f F a lse  Cape. Conipai'indent,
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Figure 4. 1850 Topographic Map of Pennys Hill Compartment,
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Figure 5. 1850 Topographic Map of Corolla Compartment.
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o v e r l i e s  th e  sand .  Commercial f e r t i l i z e r s  were u n a v a i l a b l e ,  so i t  
i s  d o u b t fu l  w h e th e r  l a r g e  a r e a s  o f  b a r r e n  sand were re c la im e d  f o r  
a g r i c u l t u r a l  u se .
The d e s c r i p t i o n  o f  th e  "G rea t  Storms of 1846" by Ansel (1905) 
d e s c r ib e d  damage w hich o c c u r re d  a t  F a ls e  Cape and h i s  d e s c r i p t i o n  of 
th e  a r e a  a g re e s  v e ry  w e l l  w i th  d a t a  on the  to p o g ra p h ic  map. However, 
i n  w r i t i n g  a b o u t h i s  Uncle Johnny B eas ley  and th e  War of 1812, he 
s t a t e s  t h a t  th e  f o r e s t  ex tended  seaw ard a t  l e a s t  as f a r  as th e  fo re d u n e ,  
and d e s c r ib e s  th e  e x c a v a t io n  o f  a l a r g e  t h i c k e t  o f  ced a rs  on th e  
beach  d u r in g  th e  s to rm . These c e d a r  t r e e s  w ere s u b se q u e n t ly  c u t  up 
and s o ld  f o r  s h ip  t im b e r s .  As o f  1978, a l a r g e  stump f i e l d  i s  exposed 
a t  th e  same low t i d e  l o c a t i o n  d e s c r ib e d  by A n s e l l .  I t  ap p ea rs  t h a t  
th e y  a re  th e  same t r e e s  as most o f  them have been  c u t  down and th e  
s c a r s  o f  saws and axes a re  s t i l l  v i s i b l e  on many o f  th e  stum ps. I f  
t h i s  d e s c r i p t i o n  by A n s e l l  i s  c o r r e c t ,  then  sometime between 1812 
and 1846 much o f  th e  f o r e s t  was b u r i e d  by sand . W hether t h i s  was 
due to  s to rm s ,  lo g g in g ,  o r  g ra z in g  i s  n o t  c l e a r ,  b u t  i t  may have 
been  a consequence o f  a l l  t h r e e ,  p lu s  th e  r i s e  i n  s e a  l e v e l  and 
s u b se q u e n t  landw ard m ig r a t i o n  o f  dunes .
Most e a r l y  s e t t l e m e n t s  a long  th e  O u te r  Banks were on th e  
Sound s i d e ,  u s u a l l y  w i t h i n  a s t a n d  o f  f o r e s t .  E a r ly  s e t t l e r s  under­
s to o d  th e  power o f  s to rm s and b u i l t  t h e i r  homes i n  th o s e  a re a s  a f fo rd e d  
p r o t e c t i o n  from b low ing sand and s to rm  t i d e s .  Small a re a s  w i th in  th e  
f o r e s t  were c l e a r e d  to  p ro v id e  f i e l d s ,  and g ra z in g  an im als  were l e f t  
to  fo ra g e  i n  th e  marsh o r  w h erev e r  food was a v a i l a b l e .  S ince  
f o r e s t  i s  n o t  condusive  to  g r a z in g ,  th e  assum ption  t h a t  most g ra z in g  
o c c u r re d  on m arshes o r  dunes i s  a v a l i d  one; and in  f a c t ,  th e  on ly
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e x i s t i n g  ran ch  on C u r r i tu c k  S p i t  a l lo w s  i t s  an im als  to  roam f r e e ,  
and most an im als  can be found i n  e i t h e r  th e  marsh o r  th e  a d jo in in g  
d u n es .
P in c h o t  and Ashe (1897) s t a t e  t h a t  some o f  th e  i s l a n d s
produce  " a  l i m i t e d  number of c e d a r  p o s t s  11, which i n d i c a t e s  t h a t
some lo g g in g  o c c u r re d  as  l a t e  as 1897, a tim e when most o th e r  o b s e rv e r s  
s t a t e  t h a t  th e  e x t e n t  o f  th e  m a r i t im e  f o r e s t  was r a p id l y  d im in is h in g  
and needed  p r o t e c t i o n .  Most o b s e rv e r s  a l s o  s t a t e  t h a t  f o r e s t  was 
b e in g  b u r ie d  by sand  r a t h e r  than  b e in g  cu t  down. However, lo g g in g  
may have h e lp e d  i n i t i a t e  th e  m i g r a t io n  of sand s h e e t s  a c ro s s  th e  S p i t ,  
as d e s c r ib e d  by Spears  (1890) and Cobb (1906).
Based upon th e  e a r l y  h i s t o r y ,  and th e  a v a i l a b l e  to p o g ra p h ic  
maps, v e g e t a t i o n  cover seems to  have o r i g i n a l l y  been v a r i e d .  Areas 
o f  dense  m a r i t im e  f o r e s t  e x i s t e d  as i s o l a t e d  t r a c t s  a long  th e  S p i t ,  
s e p a r a t e d  from each  o th e r  by a r e a s  o f  sand s h e e t s ,  medanos, i n l e t s  
and fo rm er i n l e t s .  T h is  h y p o th e s i s  i s  borne o u t  by n o t in g  th e  
l o c a t i o n s  o f  th e  o r i g i n a l  s e t t l e m e n t s  on th e  Banks. They were l o c a te d  
on th e  Sound s i d e ,  w i t h i n  th e  f o r e s t  b e l t ,  and t h e i r  d e n s i t y  was low, 
w hich s u g g e s ts  t h a t  th e  f o r e s t  b e l t  was d is c o n t in u o u s .  Each v i l l a g e  
was p ro b a b ly  s e p a r a t e d  from th e  n e x t  by a re a s  of u n s ta b l e  dunes o r  
i n l e t s .  V i l l a g e s  were e s t a b l i s h e d ,  g ra z in g  and lo g g in g  were i n i t i a t e d ,  
and g r a d u a l ly  th e  a re a s  su r ro u n d in g  th e  v i l l a g e s  and f o r e s t s  become 
u n s t a b l e .  E o l ia n  sand waves began m ig ra t in g  in la n d  n e a r  th e  v i l l a g e s ,  
w i th  th e  r e s u l t  t h a t ,  i n  t im e , e x i s t i n g  f o r e s t  was b u r ie d  by san d ,  
as were some o f  th e  v i l l a g e s  w i t h i n  th e  f o r e s t .
Logging was i n i t i a t e d  a long  th e  b o rd e rs  o f  th e  f o r e s t ,  o r  i n  
i s o l a t e d ,  u n in h a b i te d  s e c t i o n s  of th e  f o r e s t .  This  r e s u l t e d  in
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d e s t a b i l i z a t i o n  th ro u g h  lo s s  o f  s a n d -b in d in g  v e g e t a t i o n .  Sand s h e e t s  
formed and began m ig r a t in g  in la n d  u n d e r  th e  i n f l u e n c e  o f  th e  onshore  
w ind; g r a z in g  an im a ls  compounded th e  s i t u a t i o n  by d e s t r o y in g  new 
v e g e t a t i o n  and f u r t h e r  i n c r e a s i n g  a r e a s  o f  sand s u s c e p t i b l e  to  th e  
w ind . T h is  t r e n d  was w e l l  underway a t  t h e  t im e  o f  t h e  e a r l i e s t  
s c i e n t i f i c  o b s e r v a t i o n s ,  th u s  i t  becomes c l e a r  why th e s e  o b s e rv e r s  
a r r i v e d  a t  t h e i r  c o n c lu s io n s .  They b e l i e v e d  th e y  saw rem nants  o f  
t h e  o r i g i a a l  m a r i t im e  f o r e s t ,  when in  f a c t  th e y  o b se rv ed  n e a r ly  a l l  
o f  t h e  m a r i t im e  f o r e s t  w hich  had e v e r  e x i s t e d  on th e  S p i t .  These 
o b s e r v a t io n s  w ere  a c c e p te d  as  f a c t u a l  when th ey  a c t u a l l y  com prised  
o n ly  a  l i m i t e d  view o f  t h e  O u te r  Banks. T h is  s c e n a r io  does n o t  
c o n t r a d i c t  t h e  g e o lo g ic  h i s t o r y  o f  th e  S p i t  and may shed some l i g h t  
on th e  c u r r e n t  d e b a te  o v e r  w h e th e r  o r  n o t  th e  r e c e n t  in c r e a s e  i n  
v e g e t a t i o n  d e n s i t y  i s  abnorm al (D olan , 1973; S ch ro ed e r  e t  a l . ,
1977) .
I t  a p p e a rs  t h a t  t h e r e  w ere l a r g e  a r e a s  o f  m a r i t im e  f o r e s t  
on th e  O u te r  Banks. However, they  w ere  i s o l a t e d  t r a c t s  w hich  g r a d u a l ly  
succumbed to  b u r i a l  by s a n d ,  w hich was i n i t i a t e d  by lo g g in g ,  g r a z in g ,  
and s to rm  e f f e c t  on a d j a c e n t  a r e a s .  E v id e n t ly ,  th e  e a r l y  s e t t l e r s  
r e a l i z e d  th e  dan g ers  o f  s to rm s  and m ig r a t in g  sand dunes , which i s  
why th e y  e s t a b l i s h e d  v i l l a g e s  w i t h i n  th e  f o r e s t  b e l t .  U n f o r tu n a te ly ,  
th e y  d id  n o t  r e a l i z e  t h a t  d e s t r u c t i o n  o f  v e g e t a t i o n  on su r ro u n d in g  
a r e a s  would in c u r  t h e  same r e s u l t s  as  removing v e g e t a t i o n  a d j a c e n t  
to  t h e i r  v i l l a g e s .  Had th e y  p o s s e s s e d  a c l e a r e r  u n d e r s ta n d in g  o f  
t h e  i n t e r a c t i o n  o f  w ind , sand ,  v e g e t a t i o n ,  and s e a ,  th e  Banks cou ld  
have rem ained  a p a r a d i s e  ( E p le r ,  1933) f o r  them.
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C onclus ions  abou t th e  E a r ly  H is to r y
1. Two i n l e t s  w ere open a long  t h i s  p o r t i o n  o f  C u r r i t u c k  S p i t .  Old 
C u r r i tu c k  I n l e t ,  which opened b e f o r e  1587, c lo s e d  i n  1728-1730.
New C u r r i t u c k  I n l e t  opened 5 m i le s  to  th e  s o u th  i n  1713 and 
c lo se d  i n  1828. S in ce  t h a t  t im e ,  no i n l e t s  have been  open a long  
C u r r i tu c k  S p i t  (F ig u re  6 ) .
2. C u r r i tu c k  S p i t  was w e l l  s t a b i l i z e d  by v e g e t a t i o n  p r i o r  to  
European s e t t l e m e n t .  Areas o f  dense  m ari t im e  f o r e s t  e x i s t e d  as 
i s o l a t e d  t r a c t s  a long  th e  S p i t ,  s e p a r a t e d  from each o th e r  by 
a r e a s  o f  sand  s h e e t s ,  m edanos, i n l e t s  and fo rm er i n l e t s .  G rass ­
la n d s  and marshes p ro v id e d  f r e e  g ra z in g  la n d  f o r  th e  e a r l y  
s e t t l e r s ,  c o n s e q u e n t ly ,  g ra z in g  had an e a r l y  s t a r t  on C u r r i tu c k  
S p i t .
3. F o r e s t  which e x i s t e d  on C u r r i tu c k  S p i t  had some commercial 
v a lu e ,  hen ce ,  some a re a s  of f o r e s t  succumbed to  th e  axe .  This  
o c c u r re d  d u r in g  th e  e a r l y  n in e t e e n t h  cen tu ry  and r e s u l t e d  in  
th e  e n la rg em en t o f  e x i s t i n g  open s p a c e s .  These open sp aces  w ere 
used  f o r  g r a z in g ,  which r e s u l t e d  i n  a f u r t h e r  r e d u c t io n  o f  v e g e t a t i o n .
4. A f t e r  most o f  th e  v e g e t a t i o n  was removed, sand s h e e t s  and sand 
h i l l s  (medanos) formed un d er  th e  in f l u e n c e  o f  th e  wind. This  
r e l e a s e  o f  m ig ra t in g  sand  a l s o  a l low ed  in c r e a s e d  s to rm  damage 
th rough  overw ash, so n a t u r a l  r e v e g e t a t i o n  cou ld  n o t  occu r .
With g ra d u a l  d e v e g e ta t io n ,  th e s e  u n s t a b l e  a r e a s  grew in  s i z e  
u n t i l  they  ex tended  o v e r  n e a r l y  th e  e n t i r e  C u r r i tu c k  S p i t .
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Figure 6. Historical Map of Currituck Spit.
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DUNE EVOLUTION (1937 - 1975)
I n t r o d u c t i o n
The p re v io u s  c h a p t e r  d e a l t  w i th  th e  e a r l y  h i s t o r y  o f  
C u r r i t u c k  S p i t ;  u n f o r t u n a t e l y ,  q u a n t i t a t i v e  d a t a  a r e  l a c k in g ,  as 
much o f  th e  e a r l y  h i s t o r y  i s  b a se d  upon w r i t t e n  d e s c r i p t i o n s  which 
c o n ta in  l i t t l e  in fo rm a t io n  s p e c i f i c  enough to  be q u a n t i t a t i v e l y  
a n a ly z e d .  By th e  1930’ s ,  t h e  te c h n iq u e  o f  pho tography  became more 
s o p h i s t i c a t e d ,  and v e r t i c a l  a e r i a l  pho tography  o f  c o a s t a l  a r e a s  became 
an im p o r ta n t  t o o l .  The q u a l i t y  o f  th e  e a r l y  imagery i s  s u f f i c i e n t  to  
a l lo w  th e  e x t r a c t i o n  o f  d a ta  p e r t a i n i n g  to  dune ty p e ,  v e g e t a t i o n ,  
and topog raphy . T h is  c h a p t e r  d e a l s  w i th  th e  p o s t  1937 h i s t o r y  o f  
C u r r i t u c k  S p i t  as d e l i n e a t e d  on a v a i l a b l e  h i s t o r i c a l  a e r i a l  pho tography .
Method o f  Study
A com plete  l i s t  o f  th e  a e r i a l  pho tography  used  in  t h i s  
s tu d y  i s  in c lu d e d  in  Appendix B. S te r e o  p h o to g ra p h ic  coverage  was 
o b ta in e d  f o r  a l l  a v a i l a b l e  d a te s  so t h a t  dune topography  cou ld  be 
m easured.
In  o r d e r  to  a s s e s s  th e  r e l i a b i l i t y  o f  th e  e a r l i e r  w r i t t e n  
d e s c r i p t i o n s ,  th e  a v a i l a b l e  im agery o f  C u r r i tu c k  S p i t  was examined 
and compared to  th e  e a r l y  d e s c r i p t i o n s  which s t a t e d  t h a t  much o f  
th e  S p i t  was a low, b a r r e n  sand  s h e e t ,  which was f r e q u e n t ly  o v e r­
washed d u r in g  s to rm s ( e . g . ,  Cobb, 1906, S t r a t t o n ,  1943). Much o f  
th e  o r i g i n a l  v e g e t a t i o n  had d i s a p p e a r e d ,  e i t h e r  th ro u g h  sand b u r i a l
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o r  by ex p o su re  to  s a l t  w a te r  th rough  overwash. This  i s  v e r i f i e d  i n  
th e  e a r l y  im agery (F ig u re s  8, 12, 1 5 ) ,  which r e v e a le d  t h a t  i n  th e  
l a t e  1 9 3 0 's  much o f  th e  S p i t  was covered  by a b a r r e n  sand  s h e e t .
I n  su b se q u e n t  im agery , s e v e r a l  sequences  o f  dune e v o l u t io n  
a r e  a p p a r e n t .  S in ce  many a re a s  have rem ained undeve loped ,  dune 
e v o l u t io n  i n  th o s e  undeveloped  a r e a s  m ust be th e  r e s u l t  o f  n a t u r a l  
p r o c e s s e s .  Development of o th e r  a r e a s  has o c c u r re d  w i t h i n  th e  p a s t  
t e n  y e a r s ,  and in  t h e s e ,  n a t u r a l  changes have been  ob scu red  o r  even 
o b l i t e r a t e d  by c o n s t r u c t i o n  a c t i v i t i e s .
In  o r d e r  to  focus  on th e  n a t u r a l  sequences  o f  dune e v o l u t io n ,  
th e  s tu d y  a r e a  was d iv id e d  i n t o  t h r e e  com partm ents . Only th o s e  a re a s  
w hich have rem ained  undeveloped  s in c e  th e  1930' s  were chosen. The 
assum ption  i s  made t h a t  n a t u r a l  p ro c e s s e s  a c t in g  a long  t h i s  p o r t i o n  
o f  C u r r i tu c k  S p i t  a r e  n e a r l y  i d e n t i c a l  and t h a t  i t  i s  c o r r e c t  to  
conc lude  t h a t  th e  end p ro d u c t  o f  dune e v o l u t io n  would be s i m i l a r  i n  
each  com partment. However, each compartment e x h i b i t s  a d i f f e r e n t  
scheme o f  dune e v o l u t io n .  The p a ra m e te rs  which m ight v a ry  among 
th e s e  t h r e e  compartments a r e  l i m i t e d :  i n l e t  f re q u e n c y ,  v e g e t a t i o n ,  
overwash f re q u e n c y ,  and e x t e r n a l  f a c t o r s  such as sand fe n c in g  o r  o th e r  
human a c t i v i t i e s .  O th e r  f a c t o r s ,  such as wind reg im e , wave c l im a te ,  
s e a  l e v e l  r i s e ,  s to rm  freq u en cy  and sed im en t sup p ly  can be c o n s id e re d  
to  be n e a r l y  i d e n t i c a l  f o r  a l l  t h r e e  com partm ents , as a l l  th r e e  
com partm ents l i e  w i t h i n  a 45-km re a c h  o f  C u r r i tu c k  S p i t  and have a 
s i m i l a r  background .
Of th e  v a r i a b l e s  which in f l u e n c e  dune e v o lu t io n ;  v e g e t a t i o n ,  
overwash and human a c t i v i t i e s  a r e  a l l  m easu rab le  q u a n t i t i e s  on th e  
a e r i a l  ph o to g rap h y .  V e g e ta t io n  can be mapped ( C a r te r  and A nderson,
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19 72 );  overwash le a v e s  v i s i b l e  s c a r s  which can u s u a l l y  be i d e n t i f i e d  
on th e  im agery (Boc and L a n g f e ld e r ,  1977; H o s ie r  and M cCleary, 1977); 
and sand  fe n c in g  can be i d e n t i f i e d  by c h a r a c t e r i s t i c  fo re d u n e  p a t t e r n s .  
I f  th e s e  p a ra m e te rs  can be m easured , th e n  th e  f a c t o r s  r e s p o n s ib l e  
f o r  dune e v o l u t io n  on C u r r i tu c k  S p i t  can be i s o l a t e d  and q u a n t i f i e d .
D e s c r ip t io n  of th e  T o ta l  Reach
In  s e l e c t i n g  t h r e e  compartments from th e  t o t a l  re a c h  f o r  
i n t e n s i v e  s tu d y ,  s e v e r a l  c r i t e r i a  were employed to  e l im i n a t e  as much 
v a r i a b i l i t y  as p o s s i b l e .  F i r s t ,  a l l  a r e a s  t h a t  were s i g n i f i c a n t l y  
d eve loped  in  th e  tw e n t i e th  c e n tu ry  o r  had been bombing ranges  were 
e x c lu d ed  i n  o rd e r  t h a t  o n ly  n a t u r a l  p ro c e s s e s  be s t u d i e d .  S ince  
most o f  C u r r i tu c k  S p i t  had been p ie r c e d  by an i n l e t  a t  one tim e o r  
a n o th e r  ( F i s h e r ,  1962),  compartments were chosen so t h a t  th ey  were 
as c lo s e  as p o s s i b l e  to  th e  s i t e  o f  a fo rm er i n l e t  w i th o u t  c o n ta in in g  
deve loped  a r e a s .  T h is  e l im in a te d  th e  q u e s t io n  o f  w h e th e r  o r  n o t  th e se  
a p p a re n t  d i f f e r e n c e s  were due to  p ro x im ity  to  a fo rm er i n l e t .
The t h r e e  compartments p o s se s s  n e a r l y  i d e n t i c a l  h i s t o r i e s ,  
a t  l e a s t  u n t i l  th e  1930’ s so d i f f e r e n c e s  i n  dune e v o lu t io n  s h o u ld  be 
due to  f a c t o r s  in t ro d u c e d  s in c e  t h a t  t im e .  I f  t h i s  a ssum ption  i s  
c o r r e c t ,  an a n a l y s i s  o f  th e  a v a i l a b l e  h i s t o r i c a l  a e r i a l  pho tography  
m igh t d e l i n e a t e  th e s e  f a c t o r s .
F ig u re  7 i s  a map o f  C u r r i t u c k  S p i t  showing th e  v a r io u s  
com partm ents . P ro c e e d in g  from n o r th  to  s o u th ,  each compartment and 
in te r - c o m p a r tm e n ta l  a r e a  i s  d e s c r ib e d .
A. F a l s e  Cape S t a t e  P a rk  Compartment, V i r g i n i a
F a ls e  Cape S t a t e  P a rk  i s  th e  n o r th e rn m o s t  compartment o f  
th e  s tu d y  a r e a .  I t  i s  8 km long  and th e  w id th  o f  th e  S p i t  v a r i e s
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F ig u re  7. S tudy Compartment L o c a t io n  Map.
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from a minimum o f  1 .96  km to  a maximum o f  2 .8  km. The av e rag e  w id th  
i s  a p p ro x im a te ly  1 .6  k i l o m e te r s .  Old C u r r i t u c k  I n l e t  (open p re  1585- 
1730) l i e s  w i t h i n  t h e  so u th e rn  h a l f  o f  t h e  com partm ent, and i t  i s  
h e r e  t h a t  t h e  maximum w id th  i s  o b se rv e d ,  due to  t h e  e x i s t e n c e  o f  th e  
l a r g e ,  r e l i c  f lo o d  t i d a l  d e l t a .
Dune morphology i s  v a r i e d ;  i n  t h e  n o r th e r n  s e c t i o n  a n e a r ly  
c o n t in u o u s  s e r i e s  o f  m u l t i p l e  fo re d u n e  r id g e s  i s  p r e s e n t ,  due to  an 
e a r l i e r  sand f e n c in g  program . I n  th e  s o u th e rn  s e c t i o n ,  t h e  fo re d u n e  
i s  d i s c o n t in u o u s ,  p i e r c e d  a t  i n t e r v a l s  by je e p  t r a i l s  l e a d in g  to  t h e  
i n t e r i o r .  The p r i n c i p l e  in la n d  dune ty p e  c o n s i s t s  o f  l a r g e  p a r a b o l i c  
dunes ,  a l l  o f  w hich have been  s t a b i l i z e d  by v e g e t a t i o n .
E x te n s iv e  m a r i t im e  f o r e s t  ex ten d s  n e a r l y  to  th e  fo re d u n e  in  
th e  n o r th e r n  s e c t i o n  and forms a t r a c t  n e a r l y  3 k i l o m e t r e s  long  and 
o v e r  1 .2  k i lo m e t r e s  w ide .  E lsew h ere ,  t h e  f o r e s t  forms a band a p p ro x i ­
m a te ly  250 m e tre s  w ide on th e  lagoon s i d e .
B. Corova Beach Development, North Carolina
T his a r e a  i s  i n  th e  e a r l y  s t a g e s  o f  developm ent.  A lthough 
no h a rd  s u r f a c e  roads  e x i s t ,  an e x t e n s i v e  netw ork o f  c a n a l s ,  which 
p ro v id e  a c c e s s  i n t o  C u r r i tu c k  Sound, was dredged  d u r in g  th e  l a t e  
1960’ s ,  o b l i t e r a t i n g  th e  n a t u r a l  dunes and v e g e t a t i o n  in  t h e  a r e a .
C. Penny’s Hill Compartment, North Carolina
The P enny’s H i l l  compartment i s  a p p ro x im a te ly  10 km lo n g ,  
and v a r i e s  i n  w id th  from 1 .4  km to  3 .6  km. T h is  compartment was th e  
s i t e  o f  New C u r r i t u c k  I n l e t  Copen 1713-1830) and th e  d e p o s i t s  from 
t h e  fo rm er i n l e t  occupy n e a r l y  th e  e n t i r e  com partm ent. R e l ic  i n l e t  
c h an n e ls  p e n e t r a t e  to  n e a r l y  th e  c e n t e r  o f  th e  S p i t ,  and f lo o d in g  of 
t h e  i n t e r i o r  i s  f r e q u e n t ly  caused  by wind s e tu p  o f  C u r r i t u c k  Sound.
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The n o r th e rn m o s t  p o r t i o n  s u p p o r t s  a sm a l l  c a t t l e  ranch  (a p p ro x im a te ly  
200 h e a d ) ,  th e  on ly  ranch  s t i l l  e x t a n t  on th e  O uter  Banks. The 
i n t e r i o r  i s  undeveloped  and i s  c h a r a c t e r i z e d  by a b a r r e n  sand  s h e e t ,  
w i th  o c c a s io n a l  medanos, o r  sand  h i l l s .  V e g e ta t io n  i s ,  f o r  th e  most 
p a r t ,  l i m i t e d  to  th e  sound s id e  o f  th e  compartment.
D. Jones  H i l l ,  N orth  C a ro l in a
This  a r e a  c o n ta in s  th e  town o f  C o r o l l a ,  N orth  C a ro l in a ,  and 
a l a r g e  fo rm er overwash a r e a .  One l a r g e  t r a n s v e r s e  dune e x i s t s  h e r e ;  
Jones  H i l l  has  m ig ra te d  in l a n d  a t  an av e rag e  r a t e  o f  11 m p e r  y e a r  
s i n c e  1940. The a r e a  se rv e d  as a N aval s t r a f i n g  and bombing range  
u n t i l  t h e  m id-1960’s .
E. C o ro l l a  Compartment, N orth  C a ro l in a
This compartment i s  a p p ro x im a te ly  8 .8  km long  and has  a 
minimum w id th  o f  .56  km and a maximum w id th  of 3 .6  km. The s o u th e rn  
h a l f  o f  th e  compartment was th e  s i t e  o f  C a f f e y 's  I n l e t  (open 1770-1810) 
( F i s h e r ,  1962) and c o n ta in s  a l a r g e  r e l i c  f lo o d  t i d a l  d e l t a .  This  
compartment c o n ta in s  a s e r i e s  of 14 en ech e lo n  t r a n s v e r s e  dunes which
a re  m ig r a t i n g  toward th e  so u th w es t  a t  a r a t e  o f  6 m p e r  y e a r  (Gutman,
1978). V e g e ta t io n  forms a b e l t  o f  m a r i t im e  f o r e s t  ap p ro x im a te ly  200 
m e tre s  wide on th e  sound s id e  and t h e r e  i s  l i t t l e  v e g e t a t i o n  seaward 
o f  th e  t r a n s v e r s e  dunes.
Dune E v o lu t io n  i n  th e  Three Study Compartments
A. F a l s e  Cape Compartment
The e a r l i e s t  a v a i l a b l e  im agery o f  th e  F a ls e  Cape Compartment 
d a te s  from 1937. This  im agery (F ig u re  8) r e v e a l s  t h a t  much o f  th e  
compartment was covered  by a sand  s h e e t  from ocean to  sound—s id e  
m arsh es .  Superim posed on t h i s  sand  s h e e t  a r e  12 medanos w i th  an
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Figure 8. 1937 Photomosaic of False Cape Compartment.
A -  MEDANOS  
B - M A R IT IM E FOREST
1937 FALSE CAPE PHOTOMOSAIC
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F ig u re  9. 1955 Photom osaic  o f  F a l s e  Cape Compartment.
A -  INCIPIENT  
8 - MARITIME
PARABOLIC
FOREST
DUNES
o 0.5 .0 2.0 km
Z E 'Z M Z K
1955 FALSE CAPE PHOTOMOSAIC
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a v e ra g e  h e ig h t  o f  6-7 m e tre s  and a b a s a l  d ia m e te r  o f  250 m e t r e s .  Each 
medano i s  a d i s t i n c t  e n t i t y ,  s e p a r a t e d  from a d ja c e n t  medanos by an 
a r e a  blown o u t  to  th e  f r e s h  w a te r  t a b l e .  V e g e ta t io n  i s  a b s e n t  from 
most o f  t h e  com partment. The n o r th e r n  s e c t i o n  o f  th e  compartment 
c o n ta in s  m a r i t im e  f o r e s t ;  how ever, s t e r e o s c o p i c  e x am in a t io n  o f  t r e e  
and sh rub  h e i g h t  w i th  a p a r a l l a x  b a r  i n d i c a t e s  t h a t  t h e  a v e ra g e  h e ig h t  
i s  l e s s  th an  4 .0  + 0 .7  m i n  1937. Thus, th e  f o r e s t  a p p ea rs  to  be in  
a y o u th f u l  s t a g e .  I n  th e  rem a in d er  o f  t h e  com partment, v e g e t a t i o n  i s  
n e a r l y  a b s e n t .  A fo red u n e  i s  n o n e x i s t e n t ,  a l th o u g h ,  i n  nea rby  Back 
Bay N a t io n a l  W i l d l i f e  Refuge, sand fe n c in g  has  been  dep loyed  and an 
i n c i p i e n t  fo re d u n e  i s  p r e s e n t .  Thus, i t  a p p ea rs  t h a t  F a ls e  Cape was 
i n i t i a l l y  sand fenced  l a t e r  than  1937.
By 1955 (F ig u re  9 ) ,  many changes have ta k e n  p la c e ;  a fo red u n e  
was b u i l t  up and numerous houses have been c o n s t r u c t e d  a long  th e  ocean 
beach . The sand s h e e t  i s  i n  th e  p ro c e s s  o f  b re a k in g  up in to  d i s c r e t e  
medanos, and many o f  t h e  blow out a r e a s  have been  c o lo n iz e d  by g r a s s e s ,  
th e re b y  re d u c in g  th e  supp ly  o f  sed im en t a v a i l a b l e  to  th e  medanos.
I n c i p i e n t  p a r a b o l i c  dunes a r e  p r e s e n t  i n  th e  so u th e rn m o st p o r t i o n  o f  
t h e  com partment. M arit im e f o r e s t  has developed  as  a co n t in u o u s  b e l t  
on th e  sound s i d e  between th e  o r i g i n a l  sand s h e e t  and th e  m arsh . The 
c o re  o f  t h i s  f o r e s t  i s  due to  CCC and WPA p l a n t i n g s  made d u r in g  th e  
i n i t i a l  dune s t a b i l i z a t i o n  program o f  th e  1930’s (Gary S o u c ie ,  Audubon 
M agazine, P e r s o n a l  Com m unication). T h is  f o r e s t  has e x h i b i t e d  growth 
a lo n g  to p o g ra p h ic  h ig h s  which have been b u i l t  o u t  on to  th e  marsh by 
e o l i a n  d e p o s i t i o n .
In  1963, (F ig u re  10) t h e  sand s h e e t  has co m p le te ly  broken 
up and a l l  o f  th e  medanos have evo lved  in t o  i n c i p i e n t  p a r a b o l i c  dunes
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Figure 10. 1963 Photomosaic of False Cape Coinpartirient.
A - A C T I V E  PARABOLIC DUNES
o 0 . 5 .0 2.0 km.
1963 FALSE CAPE PHOTOMOSAIC
35
F ig u re  11. 1975 Photom osaic  o f  F a ls e  Cape Compartment.
A -  STABILIZED PARABOLIC DUNES
o 0.5 .0 2.0 km.
1975 FALSE CAPE PHOTOMOSAIC
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(i
t h a t  a r e  m ig r a t i n g  i n l a n d .  V e g e ta t io n  in c r e a s e d  i n  b o th  d e n s i t y  and 
e x t e n t  and a l a r g e  a r e a  j u s t  landw ard o f  th e  n e a r l y  c o n t in u o u s  fo red u n e  
was c o lo n iz e d  by g r a s s  and sh rub  v e g e t a t i o n .  The m a r i t im e  f o r e s t  a l s o  
in c r e a s e d  i n  w id th  and expanded seaward a long  th e  in t e r d u n e  sw ale  a r e a s .  
P a r a l l a x  b a r  m easurem ents r e v e a le d  t h a t  th e  h e ig h t  o f  th e  m a r i t im e  
f o r e s t  was 7 .0  + 0 .5  m i n  1963.
Whereas i n  1955, medanos were th e  dominant i n t e r i o r  dune 
ty p e ,  l a r g e  p a r a b o l i c  dunes c o v e r  th e  i n t e r i o r  o f  t h e  compartment 
in  1975 (F ig u re  1 1 ) .  These p a r a b o l i c  dunes av e ra g e  more th a n  250 
m e tre s  i n  le n g th  and have an upwind ( i . e . ,  NNE) opening  o f  n e a r l y  
200 m e tre s  (F ig u re  l l ) . The blow out a r e a s  have been  c o lo n iz e d  by 
g r a s s e s  and sh ru b s  and f i e l d  o b s e r v a t io n s  r e v e a l  t h a t  th e s e  dunes a r e  
anchored  by v e g e t a t i o n .  F u r th e rm o re ,  measurements o f  dune c ro s s  
b e d d in g  r e v e a le d  th e  low a n g le  (mean 1 2 .2 ° )  bedding  d ip  c h a r a c t e r i s t i c  
o f  v e g e t a te d  dunes (Rosen, e t  a l . ,  1977).  Im m edia te ly  landw ard of  
th e  n e a r l y  c o n t in u o u s  fo re d u n e ,  l a r g e  a r e a s  have been c o lo n iz e d  by 
g r a s s e s  and s h ru b s .  H e igh t  o f  t h e  m a r i t im e  f o r e s t  i s  now 12 .0  + 0 .7  m 
and th e  f o r e s t  has  a l s o  in c re a s e d  in  w id th .
In summary, dune evolution in the False Cape Compartment 
has been the following:
Sand S h ee t  Medanos A c tiv e  P a r a b o l i c  Dunes ->• S t a b i l i z e d  P a r a b o l i c  Dunes
B. C o ro l la  Compartment
The Corolla Compartment exhibits a sequence of dune evolution 
much different from False Cape in that transverse dunes rather than 
parabolic dunes are the end product in 1975. In the 1940 imagery 
(Figure 1 2 ) ,  this compartment was covered from ocean to sound by a
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Figure 12. 1940 Photomosaic of Corolla Compartment.
A - M E D A N O S
1940 COROLLA PHOTOMOSAIC
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sand  s h e e t ,  w i th  sand  h i l l s  superim posed . These sand h i l l s  were as 
h ig h  as t h e i r  c o n tem p o ra r ie s  i n  th e  F a l s e  Cape Compartment, i . e . ,  s i x  
to  seven  m e tre s .  Low, i n t e r d u n a l  a re a s  blown o u t to  th e  f r e s h w a te r  
t a b l e  a r e  v i s i b l e ,  a l th o u g h  n o t  d i s t i n c t l y ,  on th e  im agery  betw een 
th e s e  medanos. Some v e g e t a t i o n  i s  p r e s e n t ,  b u t  i s  l i m i t e d  to  th e  
sound s i d e  o f  th e  com partment.
The 1955 im agery (F ig u re  13) shows t h a t  th e  sand  s h e e t  i s  
i n  th e  p ro c e s s  o f  b re a k in g  up to  form d i s t i n c t  medanos, and a fo redune  
has  been  c r e a t e d ,  a l th o u g h  i t  i s  p i e r c e d  a t  i n t e r v a l s  by overwash 
s l u i c e  c h a n n e ls .  V e g e ta t io n  has expanded from th e  sound s i d e  toward 
th e  ocean s i d e  and some o f  th e  b low out a re a s  have been  c o lo n iz e d  by 
g r a s s e s .  A l l  o f  th e  medanos e x h i b i t  n e t  movement tow ard th e  so u th w e s t ,  
even though th e  s l i p f a c e s  a r e  n o t  on th e  so u th w es t  s i d e  of th e  medanos 
i n  th e  im agery . S l i p f a c e  o r i e n t a t i o n  o f  medanos responds  q u ic k ly  to  
l o c a l  w inds ,  th u s ,  one can d e te rm in e  what th e  winds were p r i o r  to  th e  
a e r i a l  pho tog raphy .
Although th e  e v o lu t io n a r y  sequence i n  C o ro l la  between 1940 
and 1955 has  been  n e a r l y  i d e n t i c a l  to  t h a t  which o c c u r re d  i n  F a l s e  
Cape betw een 1937 and 1955, t h e r e  a r e  m ajor d i f f e r e n c e s  betw een F a ls e  
Cape and C o r o l l a  betw een 1955 and 19 75.
In  1975 (F ig u re  1 4 ) ,  t h e  C o ro l la  compartment e x h i b i t e d  a 
s e r i e s  o f  15 en ech e lo n  t r a n s v e r s e  dunes ,  a l l  o f  which formed from 
medanos w hich e x i s t e d  in  1955. The t r a n s v e r s e  dunes p r e s e n t  in  1975 
a r e  s i g n i f i c a n t l y  d i f f e r e n t  from t h e i r  a n c e s t r a l  medanos in  s e v e r a l  
r e s p e c t s .  F i r s t ,  t h e  av e rag e  s l i p f a c e  h e ig h t  of th e  t r a n s v e r s e  dunes 
p r e s e n t  in  19 75 i s  much low er th an  t h a t  o f  th e  o r i g i n a l  medanos. For 
exam ple, Lew ark’s H i l l ,  a  medano n o r th  o f  th e  C o ro l la  Compartment, has
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Figure 13. 1955 Photomosaic of Corolla Compartment.
A -  MEDANOS
1955 COROLLA PHOTOMOSAIC
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Figure 14. 1975 Photomosaic of Corolla Compartment.
* H I
A - T R A N S V E R S E  DUNES  
B -  EOLIAN FLAT
o 0.5 1.0 2.0 km.
1975 COROLLA PHOTOMOSAIC
a s l i p f a c e  15 m e tre s  h ig h  w h i le  Whalehead H i l l ,  a t r a n s v e r s e  dune, 
has a s l i p f a c e  o n ly  5 .5  m e tre s  h ig h  (Gutman, 1978).. F u r th e rm o re ,  
t r a n s v e r s e  dunes p o s s e s s  a  dense  co v er  o f  m a r i t im e  f o r e s t  downwind 
o f  t h e  s l i p f a c e  w h i l e  medanos a t e  c o m p le te ly  su rro u n d ed  by s p a r s e ly  
v e g e t a te d  blow out a r e a s ,  Medanos m ig r a te  s lo w ly  Ce^g,, Lew arkis  H i l l  
has m ig ra te d  tow ard  t h e  so u th w es t  a t  a r a t e  o f  4 m /y r  s i n c e  1955). 
w h i le  t r a n s v e r s e  dunes m i g r a te  up to  12 m /yr Ce,g , Jo n es  h i l l  s in c e  
1940).  A lso ,  t h e  s l i p f a c e  az im u th  o f  a medano i s  v a r i a b l e  w h i le  th e  
s l i p f a c e  o f  a t r a n s v e r s e  dune always l i e s  on t h e  so u th w es t  s i d e  of 
th e  dune, which i s  t h e  s id e ,  o f  d e n s e s t  v e g e t a t i o n .  I t  a p p e a rs  t h a t  
t h e  medano r e s u l t s  from wind p i l i n g  sand up from s e v e r a l  d i r e c t i o n s .  
Once th e  v e g e t a t i o n  a l t e r s  th e  l o c a l  wind reg im e , dune h e ig h t  
d e c r e a s e s ,  and th e  r a t e  o f  dune m ig ra t io n  i n c r e a s e s  toward th e  
v e g e t a t i o n .
A lthough  th e s e  dunes a r e  p a r a b o l i c  i n  p la n a r  v iew  in  F ig u re  
14, th e  e x t e n s iv e  grow th o f  v e g e t a t i o n  c o n s id e re d  e s s e n t i a l  f o r  
p a r a b o l i c  dune fo rm a t io n  i s  n o t  p r e s e n t .  V e g e ta t io n  s e rv e s  to  b ind  
th e  san d ,  r e s u l t i n g  i n  a d im in u t io n  o f  th e  sand su p p ly  and a r e d u c t io n  
in  th e  volume o f  th e  dune. F u r th e rm o re ,  sand  can be. blown b ack  on to  
th e  beach  d u r in g  p e r io d  o f  w e s t e r ly  w inds as  t h e r e  i s  no dense  cover 
o f  v e g e t a t i o n  seaw ard o f  t h e  medanos to  i n h i b i t  e o l i a n  t r a n s p o r t .  
W ith in  th e  com partm ent, t h e  fo red u n e  i s  low and d i s c o n t in u o u s ,  and 
d u r in g  p e r io d s  o f  o nsho re  w inds ,  sand  i s  blown from th e  beach  in t o  th e  
i n t e r i o r .  A lthough th e s e  t r a n s v e r s e  dunes a r e  lo c a t e d  s e v e r a l  hundred 
m e tre s  in l a n d  from th e  b each ,  t h e r e  i s  a g r e a t  d e a l  o f  e o l i a n  i n t e r ­
a c t i o n  a c r o s s  th e  b a r r i e r  (Gutman, 1978) . P a r a b o l i c  dunes form becaus 
th ey  have been c u t  o f f  from t h e i r  sand supp ly  by v e g e t a t i o n  (Landsberg
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1956; J e n n in g s ,  1957); in  t h i s  compartment a r e d u c t io n  in  sed im en t 
su p p ly  has  n o t  o c c u r re d .  However, a s  v e g e t a t i o n  c o lo n iz e s  th e  e o l i a n  
f l a t  a r e a s ,  c o n d i t io n s  may become con d u s iv e  f o r  th e  fo rm a t io n  o f  
p a r a b o l i c  dunes .  Thus, i n  th e  C o ro l l a  Compartment, dune e v o lu t io n  
has  been th e  fo l lo w in g :
Sand S h ee t  -*• Medanos -*■ T ra n sv e rs e  Dunes ->• E a r ly  S tag e  P a r a b o l i c  Dunes
C. P e n n y 's  H i l l  Compartment
Imagery of t h i s  compartment d a t e s  b ack  on ly  to  1955. A reas 
to  th e  n o r th  and s o u th  p o s s e s s e d  sand s h e e t s  a s  l a t e  as  1940, so i t  
i s  l o g i c a l  to  assume t h a t  a sand s h e e t  a l s o  covered  t h i s  com partm ent.
T h is  compartment was th e  s i t e  o f  New C u r r i t u c k  I n l e t  (open 1713-1828),  
and a  l a r g e  r e l i c  f lo o d  t i d a l  d e l t a  rem ains  in  C u r r i t u c k  Sound. R e l ic  
i n l e t  c h an n e ls  p e n e t r a t e  i n t o  th e  i n t e r i o r  o f  t h i s  compartment from 
th e  sound s id e  w i th  th e  r e s u l t  t h a t  p e r i o d i c  f lo o d in g  o f  t h e  compartment 
o c c u rs  f o l lo w in g  s t r o n g  w e s t e r ly  w inds .  T h is  i s  v i s i b l e  in  t h e  1955 
im agery (A, F ig u re  1 5 ) .  H i s t o r i c a l  r e c o r d s ,  a e r i a l  ph o to g rap h y , 
and c o n v e r s a t io n s  w i th  r e s i d e n t s  r e v e a le d  t h a t  t h i s  a r e a  i s  one of 
c h ro n ic  overw ash , b o th  from t h e  ocean and sound s i d e .  N otew orthy of 
m en tion  i s  a l a r g e ,  l i n e a r  sand r i d g e ,  p a r a l l e l  to  th e  s h o r e l i n e ,  
l o c a t e d  a p p ro x im a te ly  700 m e tre s  b e h in d  t h e  low, d i s c o n t in u o u s  fo re d u n e  
(B, F ig u re  1 5 ) .  The i n t e r i o r  dune r id g e  was p ro b ab ly  c r e a t e d  by sand 
f e n c in g  d u r in g  th e  1930 fs in  o r d e r  to  l i m i t  overw ash. F ie ld  m easu re ­
ments i n d i c a t e  t h a t  th e  r i d g e  i s  two to  t h r e e  m e tre s  above th e  s u r ­
ro u n d in g  e o l i a n  f l a t .
F ive  medanos (F ig u re  15) a r e  found in  t h i s  com partm ent, b u t  
d i f f e r  from t h e i r  c o u n t e r p a r t s  in  th e  o th e r  com partments by b e in g
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Figure 15. 1955 Photomosaic of Pennys Hill Compartment.
A -  FLOODED AREA
B - I N T E R I O R  DUNE RIDGE 0 0 .5  1.0
C - MEDANOS m m r
D -  PENNYS HILL
E - L E W A R K S  H IL L
1955 PENNYS HILL PHOTOMOSAIC
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w id e ly  s e p a r a t e d  from each o th e r .  A lthough th ey  formed from th e  l o c a l  
sand  s h e e t ,  i t  i s  p o s s i b l e  t h a t  o th e r s  were p re v e n te d  from form ing 
due to  f r e q u e n t  f lo o d in g  o f  th e  i n t e r i o r ,  which l i m i t e d  sand  s u p p ly .
Most v e g e t a t i o n  i s  found b e h in d  th e  i n t e r i o r  dune r id g e .  
Seaward o f  th e  r i d g e ,  v e g e t a t i o n  i s  l i m i t e d  p o s s ib ly  due to  th e  h ig h  
freq u en cy  o f  overwash i n  th e  a r e a .
By 1975, some s t a b i l i z a t i o n  by v e g e t a t i o n  had o c c u r r e d ,  b u t  
was l i m i t e d  to  grow th o f  th e  m a r i t im e  f o r e s t  in l a n d  o f  th e  i n t e r i o r  
dune r i d g e .  F lo o d in g  i s  s t i l l  i n  ev id en ce  (A, F ig u re  1 6 ) ,  and a 
d i s t i n c t  fo red u n e  had n o t  been  c r e a te d  and m a in ta in e d .  The most n o ta b le  
change i s  th e  metamorphism o f  one dune, c a l l e d  Penny’ s H i l l  by l o c a l  
r e s i d e n t s ,  from a medano i n t o  a p a r a b o l i c  dune (B, F ig u re  1 6 ) .  This  
dune has assumed i t s  p a r a b o l i c  shape  s in c e  1955, which im p l ie s  t h a t  
dune e v o lu t io n  o ccu rs  i n  a rem arkab ly  s h o r t  p e r io d  o f  t im e . Over 
most o f  th e  com partm ent, a sand s h e e t  i s  s t i l l  p r e s e n t ,  and i t  appea rs  
t h a t  t h i s  i s  due to  th e  e f f e c t s  o f  overwash i n  th e  a r e a .
Lewark’ s H i l l ,  i n  th e  so u th e rn m o st p o r t i o n  o f  th e  com partment, 
i s  th e  l a r g e s t  medano i n  th e  s tu d y  a r e a  (C, F ig u re  1 6 ) .  The h e i g h t  
v a r i e s  betw een 20 and 25 m e tre s .  A c o n s e r v a t iv e  e s t im a te  o f  volume, 
b a sed  upon a co n c ic  fo rm u la ,  i s  t h a t  more than  300,000 c u b ic  m e tres  
o f  sand  a re  c o n ta in e d  in  L ew ark 's  H i l l .  A lthough t h i s  h i l l  has a 
n e t  s o u th e r w e s te r ly  movement o f  on ly  4 m p e r  y e a r ,  t h i s  r e p r e s e n t s  only  
a s m a l l  f r a c t i o n  o f  th e  a c t u a l  movement, as t h e  medano moves in  
re sp o n se  to  l o c a l  winds and can m ig ra te  as much as two to  t h r e e  m e tres  
seaw ard  d u r in g  p e r io d s  of i n t e n s e  w e s t e r ly  winds (Gutman, 1978). Thus, 
n e t  movement i n d i c a t e s  a low n e t  r a t e  o f  e o l i a n  t r a n s p o r t  w h i le  a c t u a l  
g ro s s  t r a n s p o r t  i s  s i g n i f i c a n t l y  g r e a t e r .
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F ig u re  16. 1975 Photom osaic  o f  Pennys H i l l  Compartment.
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A -  FLOODING  
B -  PENNYS H ILL  
C -  LEWARKS H IL L 2.0 km.
1975 PENNYS HILL PHOTOMOSAIC
In  summary, dune e v o lu t io n  in  t h i s  compartment s in c e  the  
1930’s has been  l i m i t e d ,  w ith  th e  e x c e p t io n  o f  one medano t h a t  has 
ev o lv ed  i n t o  a p a r a b o l i c  dune.
The g e n e r a l i z e d  sequence  documented h e re  i s :
Sand S hee t -*■ Sand S h ee t
Source o f  Dune Sand
Dune e v o l u t io n  w i t h i n  th e  t h r e e  compartments had p roceeded  
a long  th r e e  d i f f e r e n t  p a th s  from th e  sand  s h e e t  p r e s e n t  i n  th e  1930’ s .  
In  th e  F a ls e  Cape Compartment, p a r a b o l i c  dunes a r e  p r e s e n t ,  w h i le  in  
C o r o l l a ,  t r a n s v e r s e  dunes p r e s e n t l y  e x i s t .  In  th e  Penny’ s H i l l  Com­
p a r tm e n t ,  a sand  s h e e t  covers  th e  S p i t .  The q u e s t io n  now a r i s e s  as 
to  th e  cause  o f  t h i s  d iv e rg e n t  e v o l u t io n ,  g iv e n  t h a t  a l l  t h r e e  compart 
ments had a s i m i l a r  s t a r t i n g  p o i n t  i n  th e  1930’ s .
More th an  300,000 c u b ic  m e tre s  can be t i e d  up in  one h i l l  
and when a l l  t h r e e  compartments a re  c o n s id e re d ,  th e  e s t im a te  i s  
ap p ro x im a te ly  8 ,0 0 0 ,0 0 0  c u b ic  m e t r e s ,  f o r  27 k i lo m e t r e s  o f  l i n e a r  
s p i t  l e n g th .  E s t im a te s  o f  th e  l o c a l  annua l  lo n g sh o re  t r a n s p o r t  range 
from 50,000 to  500,000 cu b ic  m e tre s  p e r  y e a r  (Burch, 1969; Weinman, 
1971). This  s u g g e s ts  t h a t  a n o th e r  so u rc e  o f  sed im en t o th e r  than  sand 
d e p o s i t e d  by l i t t o r a l  p ro c e s s e s  i s  r e q u i r e d  to  sup p ly  th e  dunes.
One p o s s i b i l i t y  su g g e s te d  i s  th e  rew ork ing  o f  r e l i c  beach  r id g e s  o r  
dune r id g e s  a s s o c i a t e d  w i th  fo rm er i n l e t s .
Dolan and Hayden ( U n iv e r s i ty  o f  V i r g i n i a ,  P e r s o n a l  Communi­
c a t io n )  have h y p o th e s iz e d  t h a t  th e  so u rc e  o f  sed im en t f o r  Jockey  Ridge 
a l a r g e  dune r id g e  lo c a t e d  20 k i lo m e t r e s  s o u th  o f  th e  s tu d y  a r e a ,  has 
been th e  rew ork ing  o f  th e  sand  i n  r e l i c  m u l t i p l e  dune r id g e s  as
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commonly form a t  th e  ends o f  s o u th e r l y  p ro g ra d in g  s p i t s .  These were 
formed 2 ,000  to  4 ,000  y e a r s  ago when th e  s h o r e l i n e  c o n f ig u r a t i o n  was 
d i f f e r e n t  (Dolan and Hayden, U n iv e r s i t y  o f  V i r g i n i a ,  P e r s o n a l  Com­
m u n ica t io n )  . R e l i c  dune r id g e s  a r e  today  found im m ed ia te ly  landw ard 
o f  Jockey  R idge , h en ce ,  e r o s io n  and r e c y c l in g  o f  sand  i n  th e s e  dune 
r id g e s  i s  su p p ly in g  sed im en t to  Jockey  Ridge.
However, i n  th e  s tu d y  com partm ents , r e l i c  dune r id g e s  do 
n o t  e x i s t .  P ie r c e  and Colquohoun (1970) p roposed  t h a t  t h i s  p o r t i o n  
o f  th e  O u te r  Banks i s  a seco n d ary  b a r r i e r ,  t h a t  i s ,  th e  o r i g i n a l  
P l e i s t o c e n e  b a r r i e r  was o v e r ru n  by a secondary  b a r r i e r  as i t  m ig ra te d  
landw ard  d u r in g  th e  H olocene r i s e  i n  s e a  l e v e l .  I f  such  i s  th e  c a s e ,  
th e n  no r e l i c  dune r id g e s  would be found , as a l l  ev id en ce  o f  th e  
p r im ary  b a r r i e r  would have been o b l i t e r a t e d .  Thus, i t  i s  s t i l l  p o s s i b l e  
t h a t  th e  u l t im a te  so u rc e  o f  sand  was th e  rew ork ing  o f  r e l i c  beach  
r id g e s  even though th e  ev id en ce  has  s i n c e  been d e s t ro y e d .
An ana logous  so u rc e  o f  sed im en t f o r  th e  dunes i n  th e  s tu d y  
a r e a  cou ld  be th e  rew ork ing  o f  dune r id g e s  a s s o c i a t e d  w i th  i n l e t s .
Each o f  th e  compartments has  been th e  s i t e  o f  an i n l e t  d u r in g  h i s t o r i c a l  
tim e and due to bad la n d  u se  p r a c t i c e s ,  v e g e t a t i o n  was d e s t ro y e d ,  
w hich r e l e a s e d  l a r g e  q u a n t i t i e s  o f  sand  fo rm er ly  c o n ta in e d  in  th e  dune 
r i d g e s .  F u r th e rm o re ,  a d e s c r i p t i o n  o f  th e  F a ls e  Cape Compartment in  
1846 (A n se l ,  1905) s t a t e s  t h a t  th e  compartment c o n s i s t e d  o f  " l o f t y  
sand  h i l l s  and h ig h  sand r id g e s  . . . " .  I t  i s  p o s s i b l e  t h a t  th e s e  
sand  r id g e s  were a s s o c i a t e d  w i th  th e  form er i n l e t  and w ere reworked 
to  form th e  p r e s e n t l y  o c c u r r in g  p a r a b o l i c  dunes. Due to  subsequen t 
la n d  use  p r a c t i c e s ,  e o l i a n  e ro s io n  and overwash d e s t ro y e d  a l l  v e s t i g e s  
o f  th e s e  dune r id g e s .  Thus, rew ork ing  o f  r e l i c  dune r id g e s  a s s o c i a t e d
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w ith  i n l e t s  may a l s o  s e rv e  as a s o u rc e  o f  sand .  The speed  a t  which
th e s e  changes o c c u r ,  a few te n s  o f  y e a r s ,  i s  shown by th e  a e r i a l
pho to s  o f  F a l s e  Cape s in c e  the  1940’ s .
The p re s e n c e  o f  th e  l a r g e  dunes a long  th e  O u te r  Banks i s
p ro b a b ly  due to  b o th  mechanisms. In  a re a s  where th e  p r im ary  b a r r i e r  
has  c o in c id e d  w i th  th e  seco n d ary  b a r r i e r ,  e r o s io n  and rew ork ing  of 
r e l i c  dune r id g e s  i s  th e  s o u rc e  o f  sand .  In  o th e r  a r e a s ,  rew ork ing  
o f  dune r id g e s  a s s o c i a t e d  w ith  fo rm er i n l e t s  can s e rv e  th e  same 
p u rp o se .
Temporal Development o f  P a r a b o l i c  Dunes
F a ls e  Cape S t a t e  P a rk  e x h i b i t s  a sequence o f  p a r a b o l i c  dune 
fo rm a t io n  s i m i l a r  to  t h a t  p r e v io u s ly  d e s c r ib e d  by Landsberg  (1956,
F ig u re  1 7 ) .  Gutman (1978) a n a ly zed  th e  o r i e n t a t i o n  o f  th e se  dunes 
and found t h a t  th e  dominant onsho re  wind ( n o r th e a s t )  was r e s p o n s ib le  
f o r  t h e i r  c h a r a c t e r i s t i c  o r i e n t a t i o n .  He p l o t t e d  a wind ro s e  based  
upon one y e a r  o f  w ind d a t a  c o l l e c t e d  by an anemometer a top  th e  
C u r r i t u c k  Beach L ig h th o u se  i n  C o r o l l a ,  N orth  C a ro l in a  and h y p o th e s iz e d  
t h a t ,  a l th o u g h  th e  t o t a l  wind r e s u l t a n t  was from th e  n o r th w e s t ,  t h e  
growth o f  th e  m a r i t im e  f o r e s t  e f f e c t i v e l y  b lo c k ed  th e  w e s t e r ly  wind 
(180° to  360° AZ) and a l low ed  on sh o re  winds (0° to  180° AZ) to  p la y  
a dominant r o l e  i n  th e  o r i e n t a t i o n  o f  th e s e  dunes. F u r th e rm o re ,  th e  
onsho re  wind p a s s e s  o v e r  th e  o r i g i n a l  so u rc e  o f  sed im ent ( i . e . ,  th e  
sand  s h e e t )  and th u s  c o n t r i b u t e d  to  th e  growth o f  th e s e  dunes 
(F ig u re  1 8 ) .
In  o r d e r  to  t e s t  L an d sb e rg ’ s (1956) h y p o th e s i s  and to  q u a n t i f y  
th e  p ro c e s s  o f  p a r a b o l i c  dune fo rm a t io n ,  P en n y 's  H i l l ,  an i s o l a t e d
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F ig u re  17. H y p o th e t i c a l  Sequence o f  D a ra h o l ic  Dune Fo rm ation .  
( A f te r  L andsberg , 1956)
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F ig u re  18. C o r o l l a  S t a t i o n  Wind Roses In c lu d in g  T o ta l  and 
Onshore R e s u l t a n t .  (From Gutman, 1978)
2/
76
-
2/7
7 
2/
76
-
2/
77
tnccliJ
ED
h-
CL
I—
CO
CC
ZD
CO
LU
CC
O  °
°  3O
z
»—
=3Oen
(Ov.
invtno
UJui
Cl
07
Q
Z
07
U Ia
ox
UJ
07UI
0)<rui
2
ED
CL
h“
CO
CL
ED
cc
ED
CJ
ZD
CO
LJ
CC
O
oz
=Jo
tn
tnoui
UJa.
tn
az
07UIC7
O
X
07UIz
RN
D 
RL
L 
OF
FS
HO
RE
 
WI
ND
S
p a r a b o l i c  dune i n  th e  Penny’ s H i l l  com partm ent, was s e l e c t e d  f o r  
i n t e n s i v e  s tu d y .  I t  rem ains i s o l a t e d ,  th e re b y  e l im i n a t in g  th e  e f f e c t s  
o f  o th e r  dunes on th e  l o c a l  wind reg im e, as has been d is c u s s e d  by 
T soar  (19 75).
S te r e o  p h o to g ra p h ic  coverage  o f  Penny’s H i l l  was a v a i l a b l e  
f o r  t h r e e  d a t e s :  1955, 1961, and 1975. W ith in  t h a t  tim e span  th e
dune metamorphosed from a medano i n t o  a p a r a b o l i c  dune. In  o r d e r  to  
q u a n t i f y  th e  e f f e c t s  of w ind , th e  dune was to p o g r a p h ic a l ly  co n to u re d  
from th e  a e r i a l  pho tography  u s in g  a  p a r a l l a x  b a r .  A d i s c u s s io n  o f  
th e  p a r a l l a x  p r i n c i p l e  i s  n o t  a p p r o p r i a t e  h e r e ,  however, th e  Manual 
o f  Photogram m etry (1966) d i s c u s s e s  t h e  te c h n iq u e  i n  d e t a i l .  A 
d i s c u s s io n  o f  s p e c i f i c  methodology i s  c o n ta in e d  in  Appendix C.
F ig u re  19 i s  a g ra p h ic  r e p r e s e n t a t i o n  o f  th e  topography  of 
Penny’s H i l l  as  i t  has  changed s in c e  1955. The t o t a l  wind r e s u l t a n t  
and th e  o nsho re  r e s u l t a n t ,  com piled by Gutman (1 9 7 8 ) ,  a r e  in c lu d e d  in  
th e  d iagram . V e g e ta t io n ,  mapped from th e  o r i g i n a l  pho to g rap h y , i s  
a l s o  shown.
F ig u re  19A show Penny’ s H i l l  i n  1955. Note t h a t  th e  h i l l  
has  a m e d an o - l ik e  m orphology; no t r a i l i n g  arms s t a b i l i z e d  by v e g e t a t i o n  
can be d i s t i n g u i s h e d .  The maximum h e i g h t  o f  the  dune can be seen  as a 
r i d g e ,  w i th  an o r i e n t a t i o n  o f  ENE -  WSW, and an e l e v a t i o n  o f  11 m 
above th e  b a se  o f  th e  dune. The r id g e  l i e s  a lm ost normal to  th e  
t o t a l  wind r e s u l t a n t  m easured by Gutman (1978).  This  im p l ie s  t h a t ,  
i n  th e  medano s t a g e  o f  e v o l u t io n ,  th e  o f f s h o r e  w e s te r ly  winds a re  
s i g n i f i c a n t  i n  sh ap in g  th e  morphology o f  th e  dune. V e g e ta t io n  in la n d  
(SW) o f  th e  medano c o n s i s t s  p r i m a r i l y  of g r a s s e s  and o c c a s io n a l  low
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(1 to  2 m) s h ru b s .  At t h i s  s ta g e  v e g e t a t i o n  e x e r t s  a m inor in f lu e n c e  
on th e  l o c a l  wind reg im e.
In  1961 (F ig u re  19B) , the  medano has  assumed a  p a r a b o l i c  
o u t l i n e ;  two t r a i l i n g  arms have formed and a b low out a r e a  e x i s t s  
betw een them. The b u lk  o f  the  dune a g a in  forms a r id g e  t h a t  i s  a lm ost 
p e r p e n d i c u la r  to  th e  t o t a l  wind r e s u l t a n t .  However, th e  dune has 
d e c re a se d  i n  h e i g h t  to  7 m, which a g re e s  w ith  L an d sb e rg f s (1956) dune 
e v o l u t io n  sequence .  I n la n d  v e g e t a t i o n  i s  now more e x p a n s iv e ;  a low 
(2 to  4 m) m a r i t im e  f o r e s t  has  succeeded  th e  sh ru b s  and g r a s s e s ,  
i n d i c a t i n g  a v e r t i c a l  t r e e  growth o f  0 .3  to  0 .66  m p e r  y e a r .
By 1975 (F ig u re  19C ), th e  dune assumed a co m p le te ly  p a r a b o l i c  
morphology. The m a r i t im e  f o r e s t  in c re a s e d  i n  h e ig h t  to  ap p ro x im ate ly  
8 to  10 m e t r e s ,  and f o r e s t  w id th  a l s o  in c re a s e d .  Note t h a t  i n  19 75 
th e  maximum dune h e i g h t  ( 6 .8  m) i s  on th e  w e s te rn  f l a n k ,  which i s  n e a r ly  
norm al to  th e  onsho re  wind r e s u l t a n t .  This i s  in  c o n t r a s t  to  th e  
e a r l i e r  topography  where th e  maximum dune h e i g h t  was norm al to  th e  
o f f s h o r e  wind r e s u l t a n t .
I t  s h o u ld  be n o te d  t h a t  th e  s l i p f a c e  has advanced towards 
th e  SSW o v e r  120 m e tre s  s in c e  1955, f o r  an ave rage  m ig r a t i o n  r a t e  
o f  6 m p e r  y e a r .
D is c u s s io n  of P a r a b o l i c  Dune Development
The sequence  o f  p a r a b o l i c  dune fo rm a t io n  d e s c r ib e d  h e re  
d i f f e r s  from t h a t  o r i g i n a l l y  p roposed  by Landsberg (1956) i n  two 
r e s p e c t s .  F i r s t ,  more th an  one wind d i r e c t i o n  i s  r e s p o n s ib l e  f o r  
dune fo rm a t io n  and seco n d ,  t h e r e  had been a t r a n s f e r  o f  sed im ent from 
th e  e a s t e r n  f l a n k  o f  th e  dune to  th e  w e s te rn  f la n k .
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F ig u re  19. Temporal E v o lu t io n  o f  Pennys H i l l  from a Medano 
to  a P a r a b o l i c  Dune.
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A lthough i t  has  been h y p o th e s iz e d  th a t  in l a n d  v e g e t a t i o n ,  
i . e . ,  m a r i t im e  f o r e s t ,  has p la y e d  a s i g n i f i c a n t  r o l e  i n  a l t e r i n g  to  
l o c a l  wind c l im a te ,  t h e r e  has  been no d i s c u s s io n  o f  a  p o s s i b l e  
mechanism to  acco u n t f o r  t h i s .
S t e a m  and L e t t a u  (1963) conducted  an experim en t d u r in g  
which an a r t i f i c i a l  f o r e s t  was c o n s t r u c t e d  on a f ro z e n  la k e  and 
measurements o f  th e  r e s u l t i n g  p e r t u r b a t i o n  o f  th e  wind p r o f i l e  were 
made. They found t h a t  r e a t ta c h m e n t ,  t h a t  i s ,  r e t u r n  to  th e  o r i g i n a l  
wind p r o f i l e ,  o c c u r re d  a t  a downwind d i s t a n c e  o f  a p p ro x im a te ly  50X 
th e  h e i g h t  o f  th e  a r t i f i c i a l  f o r e s t .  More r e c e n t l y ,  W i l l e t t s  and 
P h i l l i p s  (19 78) have m easured a r a t i o  o f  a p p ro x im a te ly  40X th e  h e i g h t  
o f  th e  o b s t r u c t i o n .  In  t h i s  c a s e ,  however, they  used  sand f e n c in g  i n  
a wind tu n n e l ;  th u s  th e  r e s u l t s  may n o t  be co m p le te ly  ana logous  to  
C u r r i t u c k  S p i t .  However, i f  we choose an i n t e r m e d i a te  number, s a y ,  
45X th e  h e i g h t  o f  th e  o b s t r u c t i o n  as th e  d i s t a n c e  to  r e a t ta c h m e n t ,  we 
f i n d  th a t  t h i s  can be used to  e x p l a in  th e  fo rm a t io n  o f  th e  p a r a b o l i c  
dune.
In  1955, th e  h e i g h t  o f  th e  f o r e s t  was a p p ro x im a te ly  2 m, 
th u s  we would e x p e c t  r e a t ta c h m e n t  to  occur 90 m downwind o f  th e  
o b s t a c l e .  R e f e r r in g  to  F ig u re  19A, we f in d  t h a t  th e  e a s t e r n  f la n k  
i s  much h ig h e r  than  th e  w e s te rn  f l a n k .  This  im p l ie s  t h a t  v e g e t a t i o n  
a t  t h i s  p o i n t  i s  e x e r t i n g  a r e l a t i v e l y  m inor in f lu e n c e  on th e  
w e s t e r l y  w inds.
In  F ig u re  19B, th e  f o r e s t  i s  now a p p ro x im a te ly  4 m h ig h ,  
thus  r e a t ta c h m e n t  would be ex p e c te d  w i th i n  170 m. A gain , we f in d  
t h a t  th e  e a s t e r n  f l a n k  i s  much h ig h e r  than  th e  w e s te rn  f l a n k  which 
i n d i c a t e s  t h a t  th e  b u lk  of th e  dune l i e s  w i th i n  th e  normal wind 
reg im e.
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In  1975, (F ig u re  19C) th e  f o r e s t  av e ra g e s  9 m i n  h e i g h t  and 
r e a t ta c h m e n t  would o c c u r  n e a r l y  405 m downwind of th e  f o r e s t .  Here 
th e  dune i s  co m p le te ly  w i th i n  th e  shadow zone o f  th e  n o r th w e s t  w inds.
As a r e s u l t ,  th e  onsho re  winds have assumed dominance as th e y  a re  
n o t  o b s t r u c t e d .  Note t h a t  i n  1975 th e  w e s te rn  f l a n k  i s  h ig h e r  than  
th e  e a s t e r n  f l a n k .  A nother l i n e  o f  ev idence  which shows th e  dom ination  
o f  th e  w e s t e r ly  wind component a r e  measurements o f  dune c ro ssb ed d in g  
made o f  a  nea rb y  p a r a b o l i c  dune by Rosen e t  a l .  (1977).  They found 
t h a t ,  i n  1975, th e  azim uth  o f  d ip  d i r e c t i o n  d i f f e r e d  c o n s id e ra b ly  
between th e  w e s te rn  f l a n k  and th e  e a s t e r n  f l a n k .  Dip d i r e c t i o n  o f  
th e  w e s te rn  f l a n k  was p r i m a r i l y  th e  r e s u l t  o f  th e  onshore  winds 
w hereas some o f  th e  beds on the  e a s t e r n  f l a n k  d ipped  o f f s h o r e ,  in  
re sp o n se  to  th e  w e s t e r ly  w inds. This  shows t h a t  th e  w e s te rn  f l a n k  
o f  th e  p a r a b o l i c  dune l i e s  w i th i n  th e  shadow zone w hereas th e  e a s t e r n  
f l a n k ,  300 m downwind o f  th e  f o r e s t ,  i s  n o t  w i th i n  th e  shadow zone.
In  l i g h t  o f  t h i s  c o r r o b o r a t in g  d a t a ,  i t  can be concluded  
t h a t  th e  growth o f  th e  m a r i t im e  f o r e s t  on th e  w e s te rn  s id e  o f  th e  
b a r r i e r  i s l a n d  has  r e s u l t e d  i n  th e  d im in u t io n  o f  th e  w e s te r ly  wind 
component. This  r e s u l t e d  i n  th e  fo rm a t io n  o f  p a r a b o l i c  dunes as th e  
on sh o re  winds g r a d u a l ly  assumed dominance.
VEGETATION AS A FACTOR IN DUNE EVOLUTION
I n t r o d u c t i o n
The e v o lu t io n  o f  th e  v a r io u s  dune ty p es  has  been  documented 
in  th e  p re v io u s  c h a p te r .  However, i n  o rd e r  to  f i r m ly  r e s o lv e  th e  
q u e s t io n  o f  d iv e rg e n t  dune e v o l u t io n  between th e  com partm ents , th e  
e f f e c t s  of v e g e t a t i o n  must be ta k e n  i n t o  acc o u n t .  This  c h a p te r  
documents th e  changes i n  v e g e t a t i o n  t h a t  have o c c u r re d  concom itan t 
w i th  dune e v o l u t io n  and a t te m p ts  to  r e l a t e  th e  q u a n t i ty ,  h e i g h t  and 
type  o f  v e g e t a t i o n  to  a s p e c i f i c  dune type .
Method o f  Study
In  o r d e r  to  m easure changes i n  v e g e t a t i o n  th ro u g h  t im e ,  
v e g e t a t i o n  maps w ere p re p a re d  from th e  a e r i a l  pho tography  a v a i l a b l e  
f o r  each  compartment. The e i g h t  v e g e t a t i o n  communities t h a t  were 
mapped r e p r e s e n t e d  th e  maximum number t h a t  cou ld  be a c c u r a t e l y  i d e n t i f i e d  
on th e  e a r l y  b la c k  and w h i te  im agery. A lso ,  s in c e  d i f f e r e n t  v e g e t a t i o n  
communities e x h i b i t  d i f f e r e n t  roughness  c h a r a c t e r i s t i c s ,  i t  i s  
im p o r ta n t  to  i d e n t i f y  th o se  a r e a s  which s i g n i f i c a n t l y  a l t e r  th e  l o c a l  
wind reg im e , and a l s o  w hat wind d i r e c t i o n s  would be a f f e c t e d .  For 
exam ple, a m a r i t im e  f o r e s t  would e x e r t  more d rag  than  a low er g ra s sy  
community ( B r e s s o l i e r  and Thomas, 1977; Gutman, 1978) ,  th u s  dune 
e v o l u t io n  i s  r e l a t e d  to  th e  q u a n t i t y  and type  o f  a d j a c e n t  v e g e t a t i o n .
Communities were s e l e c t e d  on th e  b a s i s  o f  t e x t u r a l  as w e l l  
as a r e a l  d i f f e r e n c e s .  W hile marsh g ra s s  and dense s ta n d s  o f  dune
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g ra s s  can e x h i b i t  s i m i l a r  f i l m  d e n s i t i e s ,  s e p a r a t i o n  o f  th e  two 
com munities can be accom plished .  For exam ple, marsh g r a s s  i s  found 
n e a r  w a te r ,  u s u a l l y  on r e l i c  f lo o d  t i d a l  d e l t a s  which a r e  e a s i l y  
i d e n t i f i e d  on th e  im agery , w h i le  Ammophila b r e v i l i g u l a t a  o ccu rs  in  
dune a r e a s .  A lso ,  b la c k  and w h i te  im agery can n o t  u s u a l l y  d i s t i n g u i s h  
betw een two s p e c ie s  o f  dune g r a s s ,  b u t  dune g r a s s  can be d i f f e r e n t i a t e d  
from marsh g r a s s .  Communities were s e l e c t e d  f o r  e a se  o f  i d e n t i f i c a t i o n  
and to  p ro v id e  as much v e g e t a t i o n  d a t a  as p o s s i b l e .
Mapping was accom plished  u s in g  a Bausch and Lomb Zoom 
T r a n s f e r  Scope. T ra c in g s  o f  community b o u n d a r ie s  w ere made on to  a 
b a s e  map. A reas w ere c a l c u l a t e d  f o r  each community th ro u g h  tim e 
u s in g  a Numonics C o rp o ra t io n  E l e c t r o n i c  D i g i t i z e r .  The o r i g i n a l  
b a se  map was p la n im e te r e d  to  e l im i n a t e  e r r o r s  i n h e r e n t  i n  th e  
r e d u c t io n  and d r a f t i n g  p r o c e s s .
Due to  a l a c k  o f  e s t a b l i s h e d  c o n t r o l  p o in t s  i n  th e  com part­
m ents  ( i . e . ,  s h i f t i n g  d u n es ,  ab sence  o f  roads  and h o u s e s ) ,  maps were 
made by o b ta in in g  a b e s t  f i t  w i th  th e  b ase  map and t r a c i n g  community 
b o u n d a r ie s .  The e r r o r s  i n h e r e n t  i n  t h i s  p ro c e s s  a r e  p ro b a b ly  on th e  
o r d e r  o f  + 15 m, how ever, t h i s  e r r o r  d id  n o t s i g n i f i c a n t l y  a l t e r  th e  
maps. I n  p a r t i c u l a r l y  complex a r e a s ,  t h e  boundary  was g e n e r a l i z e d  
s i n c e  th e  f i n e  d e t a i l  p roduced  by a c c u r a t e l y  mapping a complex boundary  
d id  n o t  p ro v id e  much a d d i t i o n a l  u s e f u l  in fo rm a t io n ,  and o v e rc o m p lic a te d  
th e  map.
For a r e a s  where v e g e t a t i o n  s u c c e s s io n  r a t e s  were o b ta in e d ,  
l a r g e  s c a l e  (1 :8 ,0 0 0 )  t r a c i n g s  w ere made on which th e  b o u n d a r ie s  
w ere a c c u r a t e l y  re p ro d u c e d .  H ere ,  th e  e r r o r  i s  on th e  o rd e r  o f  
+ 5 m.
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S in ce  th e  b o u n d a r ie s  o f  a l l  communities w ere g e n e r a l i z e d  
to  a c e r t a i n  e x t e n t ,  i t  i s  f e l t  t h a t  th e  e r r o r s  in v o lv e d  i n  th e  a re a  
m easurem ents a r e  n o t  b ia s e d  toward any one community. W hile some 
e r r o r  i s  p r e s e n t  i n  th e  a r e a  m easurem ents , a  s i m i l a r  e r r o r  can be 
ex p ec ted  f o r  each community. S in ce  t h i s  s tu d y  i s  concerned  w i th  
g ro s s  changes th rough  t im e ,  th e s e  e r r o r s  a r e  n o t  s i g n i f i c a n t  enough 
to  a f f e c t  th e  c o n c lu s io n s .
S e l e c t i o n  o f  V e g e ta t io n  Communities
Using th e  c r i t e r i a  d i s c u s s e d  p r e v io u s l y ,  t h e  fo l lo w in g  
v e g e t a t i o n  com munities were mapped:
Marsh
M arit im e  F o r e s t  
Grass
G rass /S h ru b  
Sh rub /G rass
S t a b i l i z e d  Dunes
E o l ia n  F l a t
A c t iv e  A rea
-T y p ic a l  b r a c k i s h / f r e s h  w a te r  
marsh.
- T y p ic a l  p in e /o a k  a s s o c i a t i o n ,  
g e n e r a l ly  l e s s  th an  12 m h ig h
-A dense cover o f  g ra s sy  
v e g e t a t i o n
- S c a t t e r e d  sh ru b s  i n  a g ra s sy  
a re a  ( l e s s  than  50% s h ru b s ) .
-D ense sh ru b s  w i th  i n t e r s p e r s e d  
g ra s s y  a r e a s  ( l e s s  than  50% 
g r a s s ) .
-Low dunes covered  by s c a t t e r e d  
sh ru b s  and g r a s s e s  ( g e n e r a l ly  
l e s s  th an  50% of t o t a l  a r e a  
v e g e ta te d )  n o t  a c t i v e .
-A rea  blown o u t  to  th e  f r e s h  
w a te r  t a b l e ,  w a te r  p o o ls  a f t e r  
r a i n s  o r  overw ash , some v e g e ta t i o n .
-A rea  o f  m ig ra t in g  dunes , s p a r s e  
v e g e t a t i o n .
T ab le  1 i s  a g e n e r a l i z e d  l i s t  o f  s p e c ie s  found in  each 
community, b a sed  upon o th e r  s t u d i e s  i n  s i m i l a r  c o a s t a l  a r e a s .  With 
th e  e x c e p t io n  o f  th e  S h rub /G rass  and G rass/Sh rub  com m unities , a l l
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T ab le  1. G e n e ra l iz e d  L i s t  o f  P l a n t  S p ec ie s  found i n  Each 
Community.
GENERALIZED LIST OF PLANT SPECIES ON CURRITUCK SPIT
(From Brown, 1959;
MARITIME FOREST
P in u s  ta e d a  
Quercus n i g r a  
Quercus v i r g i n i a n a  
A cer rubrum 
P runus  s e r o t i n a  
I l e x  opaca 
J u n ip e r u s  v i r g i n i a n a  
S a l ix  n i g r a  
S a s s a f r a s  a lb idum  
Com us f l o r i d a  
D iospy ros  v i r g i n i a n a  
P e r s e a  b o rb o n ia
SHRUBS
M yrica p e n n s y lv a n ic a  
M yrica  c e r i f e r a  
I l e x  v o m i to r ia  
I l e x  im b r ic a t a  
B a c c h a r is  h a l i m i f o l i a
GRASSES
Ammophila b r e v i l i g u l a t a  
U n io la  p a n i c u l a t a  
S p a r t i n a  p a te n s  
Cynodon d a c ty lo n  
Panicum amarum 
T r i p l a s i s  p u rp u rea
MARSH
S p a r t i n a  a l t e r n i f l o r a  
B o r r i c h i a  f r u tu s c e n s  
S p a r t i n a  cynosurondes
Levy, 1976; B oule ,  1976)
L o b lo l ly  P in e  
B la ck  Oak 
L ive  Oak 
Red Maple 
B lack  Cherry  
American H o lly  
Red Cedar 
B lack  Willow 
S a s s a f r a s  
F low ering  Dogwood 
Persimmon 
Red Bay
B ayberry  
Wax M y rtle  
Yaupon
S eash o re  E ld e r  
S i l v e r l i n g
American B eachgrass  
Sea O ats
Saltmeadow C ordgrass  
Bermuda G rass  
Running B eachgrass  
P u rp le  Sandgrass
Smooth C ordg rass
Sea-Oxeye
Big C ordg rass
S a l ic o m ia  v ir g in ic a  
D is t i c h l i s  s p ic a ta  
Juncus roem erianus 
S p artin a  patens  
Phragm ites a u s t r a l i s  
Typha spp.
S cirpu s o ln ey  
Iva  fr u te sc e n s  
B accharis h a l im ifo l ia
S a ltw ort  
Saltm arsh Grass 
B lack Rush 
Saltmeadow Hay 
Reed Grass 
C a tta ils
Olney Three Square 
Marsh E lder  
Groundsel Tree
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o f  th e  v a r io u s  com munities e x h i b i t  s i g n i f i c a n t l y  d i f f e r e n t  e f f e c t s  
on th e  l o c a l  wind reg im e. These two communities w ere chosen in  
o r d e r  to  i l l u s t r a t e  s u c c e s s io n  from g r a s s e s  to  f o r e s t ,  and p ro v id e  
d a t a  on how f a s t  n a t u r a l  s u c c e s s io n  o c c u rs  on C u r r i tu c k  S p i t .
R e s u l t s
The d a t a  c o l l e c t e d  f o r  t h i s  c h a p te r  a r e  p r e s e n te d  as  a 
s e r i e s  o f  v e g e t a t i o n  maps f o r  each  compartment (F ig u re s  2 0 -2 9 ) .
In  th e  F a l s e  Cape Compartment, th e  most d ra m a tic  change 
betw een 1937 (F ig u re  21) and 1955 (F ig u re  22) has been  th e  growth 
o f  a fo re d u n e ,  w hich can be d i s t i n g u i s h e d  as th e  band o f  s t a b i l i z e d  
sand im m ed ia te ly  landw ard  o f  th e  A t l a n t i c  Ocean (F ig u re  2 2 ) .  Con­
co m ita n t  w i th  th e  growth o f  s e a s id e  v e g e t a t i o n  was th e  grow th and 
ex p an s io n  o f  a  m a r i t im e  f o r e s t  on th e  sound s i d e .  Each o f  th e  
p a r a b o l i c  dunes i n  1963 and 1975 (F ig u re s  23 and 24) i s  c h a r a c t e r i z e d  
by v e g e t a t i o n  on th e  upwind s i d e .  Downwind o f  th e  s l i p f a c e ,  t h e r e  
i s  an a r e a  o n ly  s p a r s e l y  c o lo n iz e d  by v e g e t a t i o n  (a s  i n d i c a t e d  by 
th e  b la n k  a r e a s ) .  M arit im e  f o r e s t  on th e  sound s id e  b lo ck ed  th e  
w e s t e r l y  w inds as shown i n  t h e  p re v io u s  c h a p te r .  The s e a s id e  v e g e ta ­
t i o n  has  n o t  a t t a i n e d  th e  h e i g h t  o f  th e  m a ri t im e  f o r e s t ,  t h u s ,  i t  
e x e r t e d  a l e s s e r  r o l e  i n  changing  th e  l o c a l  wind c l im a te .  N e v e r th e le s s ,  
t h e  s e a s id e  g r a s s e s  and sh ru b s  s t a b i l i z e d  th e  sand s h e e t ,  which 
i s o l a t e d  th e  dune from a sed im en t s u p p ly ,  and a llow ed  th e  p a r a b o l i c  
dune to  form i n  a manner s i m i l a r  to  t h a t  p r e v io u s ly  d e s c r ib e d .
In  c o n t r a s t ,  the  C o ro l l a  compartment has  been  th e  s i t e  o f  
th e  developm ent o f  l a r g e  t r a n s v e r s e  dunes (F ig u re s  25, 26, 27 ).
H ere ,  v e g e t a t i o n  grow th has  been l i m i t e d  to  sound s i d e  expans ion
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Figure 20. Legend for Vegetation Haps.
- MARSH T y p ic a l  b r a c k i s h / f r e s h  marsh a s s o c i a t i o n s
- MARITIME FOREST T y p ic a l  p in e /o a k  a s s o c i a t i o n  g e n e r a l l y  l e s s
th a n  12 m e te rs  in  h e i g h t
■ H U - GRASS Dense cover o f  g r a s s y  v e g e t a t i o n
- GRASS/SHRUB S c a t t e r e d  sh rubs  i n  a g r a s s y  a r e a  ( l e s s  th a n  30% sh rubs)
- SHRUB/GRASS Dense shrubs w i th  i n t e r s p e r s e d  g r a s s y  a re a s  ( l e s s  th a n  307, g r a s s )
- STABILIZED SAND Low dunes covered  by s c a t t e r e d  s h ru b s ,  g r a s s e s  ( l e s s  th a n  30% t o t a l  v e g e t a t i o n ,  n o t  a c t iv e )
- EOLIAN FLAT Area blown o u t  to  th e  w a te r  t a b l e ,  p o o ls  w a te r  a f t e r  heavy r a i n s ,  some v e g e t a t i o n
- WATER In la n d  body o f  w a te r ,  may be n a t u r a l  o r  dredged
- ACTIVE AREA Area o f  m ig ra t in g  dunes , s p a r s e  v e g e t a t i o n
- SPOIL Areas d i s r u p te d  by c o n s t r u c t i o n  a c t i v i t i e s
Legend f o r  V e g e ta t io n  Maps
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of th e  m a r i t im e  f o r e s t .  V e g e ta t io n  on th e  o c e a n s id e  i s  s e v e r e ly  
l i m i t e d  and i s  c h a r a c t e r i z e d  by l a r g e  e o l i a n  f l a t  a r e a s  (F ig u re  27) 
in  1975. As a r e s u l t  o f  th e  p a u c i ty  o f  s e a s id e  v e g e t a t i o n ,  t h e r e  
i s  s t i l l  a s i g n i f i c a n t  i n t e r a c t i o n  between th e  beach  and th e  i n t e r i o r  
T h is  was d i s c u s s e d  by Gutman (1978) who found t h a t  t r a n s p o r t  a c ro s s  
an u n v e g e ta te d  e o l i a n  f l a t  was much g r e a t e r  th an  i n  a r e a s  where 
v e g e t a t i o n  had c o lo n iz e d  an e x i s t i n g  e o l i a n  f l a t .  Thus, a l th o u g h  
th e r e  has  been ex p an s io n  o f  th e  m a ri t im e  f o r e s t  i n  th e  C o ro l l a  
com partm ent, t h e r e  has  been  no concom itan t growth o f  s e a s id e  sh rubs  
and g r a s s e s .
V e g e ta t io n  grow th in  th e  Penny’s H i l l  compartment has been 
l i m i t e d  to  e x p an s io n  o n to  fo rm er m arsh a r e a s .  T h is  i s  due to  th e  
in c r e a s e d  e l e v a t i o n  on t h e  marsh r e s u l t i n g  from e o l i a n  d e p o s i t io n .
Overwash i n  t h i s  a r e a  ap p ea rs  to  have been a  m inor c o n t r i b u t o r  o f  
s e d im e n t ,  s i n c e  th e  in l a n d  dune r id g e  (F ig u re  28, 29) rem ains  i n t a c t .
Thus, e o l i a n  d e p o s i t i o n  i s  t h e  m ajo r f a c t o r  i n  th e  c r e a t i o n  o f  new 
s u b a e r i a l  f e a t u r e s .  T h is  has a l s o  been d is c u s s e d  by Jones  and Cameron 
(1977) and Hobbs ( i n  p r e s s ) .  Seaward o f  th e  i n t e r i o r  dune r i d g e ,  
th e  compartment has  rem ained  n e a r l y  u n v e g e ta te d ,  a p o s s i b l e  r e s u l t  
o f  overw ash. No dune e v o lu t io n  has  o c c u r re d  i n  th e  compartment w ith  
th e  e x c e p t io n  o f  Penny’ s H i l l ,  which evo lved  from a medano in t o  a 
p a r a b o l i c  dune ( s e e  F ig u re  19 ) .
V e g e ta t io n  Expansion
To q u a n t i f y  changes i n  v e g e t a te d  a r e a  w i t h i n  each  compartment, 
each  v e g e t a t i o n  community was p la n im e te re d .  The r e s u l t s  a r e  p r e s e n te d  
in  T ab le  2.
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By f a r ,  t h e  g r e a t e s t  changes i n  v e g e t a t i o n  a r e a s  have o c c u r re d  
in  th e  F a l s e  Cape Compartment. H ere ,  v e g e t a t i o n  has in c r e a s e d  from 
26.4% o f  th e  t o t a l  a r e a  i n  1937 to  72.8% in  1975 (e x c lu d in g  m arsh ) .
The i n c r e a s e  i n  v e g e t a t i o n  has  o c c u r re d  s im u l tan e o u s  w i th  th e  sand 
f e n c in g  program . Thus, t h e  e f f e c t i v e n e s s  o f  sand  fe n c in g  as an a id  
in  dune s t a b i l i z a t i o n  ap p ea rs  c l e a r .  A lthough th e  co re  o f  some o f  
th e  v e g e t a t i o n  was due to  p l a n t i n g s  made i n  t h e  l a t e  1930Ts by th e  
CCC, r e v e g e t a t i o n  s in c e  t h a t  tim e has  been  a co m p le te ly  n a t u r a l  
p r o c e s s .  I t  ap p ea rs  t h a t  sand  fe n c in g  gave th e  i n t e r i o r  a r e s p i t e  
from overwash which a l low ed  f o r  th e  growth o f  v e g e t a t i o n .  This  can 
be seen  more c l e a r l y  by comparing th e  changes i n  v e g e t a t i o n  in  
F a l s e  Cape to  th o s e  w hich o c c u r re d  i n  t h e  P e n n y 's  H i l l  Compartment.
I n  th e  P en n y 's  H i l l  Compartment, t o t a l  v e g e t a te d  a r e a  has  
i n c r e a s e d  s l i g h t l y  from 20.2% in  1955 to  o n ly  23.9% by 1975 
( e x c lu d in g  m a rsh ) .  However, t h i s  i n c r e a s e  o f  3.7% i s  d e c e p t iv e  
s in c e  th e  in c r e a s e  o c c u r re d  as v e g e t a t i o n  c o lo n iz e d  to p o g ra p h ic  
h ig h s  c r e a t e d  on th e  marsh by e o l i a n  d e p o s i t i o n .  Note t h a t  t h e r e  
h as  been  an 8% d e c re a se  i n  marsh a r e a ;  th u s ,  t h e r e  has  a c t u a l l y  been 
a 4% d e c re a se  i n  v e g e t a t i o n  i n  th e  i n t e r i o r  o f  t h i s  compartment.
S in ce  th e  " A c t iv e  Zone" has  a c t u a l l y  in c r e a s e d  i n  a r e a ,  s t a b i l i z a t i o n  
i s  n o t  o c c u r r in g .  I t  i s  im p o r ta n t  to  m ention  h e re  t h a t  t h e r e  i s  no 
fo red u n e  in  t h i s  compartment and t h i s  may have r e s u l t e d  in  f r e q u e n t  
overw ash.
The C o ro l l a  Compartment, has had an i n c r e a s e  i n  t o t a l  vege­
t a t e d  a r e a  from 15.1% i n  1940 to 34.0% i n  1975 (e x c lu d in g  m arsh ) .
T h is  compartment has been  sand  fen ce d  l e s s  th a n  th e  F a l s e  Cape 
Compartment, b u t  has  a l s o  been  overwashed l e s s  f r e q u e n t ly  th a n  has 
th e  P e n n y 's  H i l l  Compartment.
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T able 2. Changes in  th e  Areas o f  V eg eta tio n  Communities 
fo r  Each Compartment through Time.
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The fo rm a t io n  o f  a  s p e c i f i c  dune ty p e  i s  r e l a t e d  n o t  on ly  
to  th e  q u a n t i t y  o f  v e g e t a t i o n  p r e s e n t ,  b u t  most im p o r ta n t  i n  dune 
e v o l u t io n  i s  th e  l o c a t i o n  o f  a s p e c i f i c  ty p e  o f  v e g e t a t i o n  th ro u g h  
t im e ,  r e l a t i v e  to  th e  dunes. For exam ple , w h i le  F a ls e  Cape and 
C o r o l l a  b o th  e x h i b i t  e x t e n s iv e  growth o f  maicitime f o r e s t  on th e  
sound s i d e ,  o n ly  t h e  F a l s e  Cape Compartment has  had a concom itan t 
growth of  g r a s s e s  and sh ru b s  landw ard o f  th e  fo red u n e .  Given th e  
s p a t i a l  and tem pora l d i f f e r e n c e s  i n  v e g e t a t i o n ,  th e  e v o lu t io n  o f  
two d i f f e r e n t  dune ty p e s  has o c c u r re d .  In  C o r o l l a ,  where th e  
i n t e r i o r  was f r e e  to  i n t e r a c t  w i th  th e  sed im en t s o u rc e ,  l a r g e  
t r a n s v e r s e  dunes have formed. This  i s  due to t h e  i n a b i l i t y  o f  
v e g e t a t i o n  to  c o lo n iz e  an a r e a  s u b j e c t  to  c o n s ta n t  b u r i a l  and 
exposu re  as sand  was d e p o s i t e d  o r  removed by th e  wind. No fo redune  
was p r e s e n t  h e re  to  b lo c k  th e  su p p ly  o f  sed im en t from th e  b each ,  th u s  
p a r a b o l i c  dunes cou ld  n o t  form.
A c o n t in u o u s  fo red u n e  was c r e a te d  in  F a ls e  Cape, which 
a l low ed  v e g e t a t i o n  to  c o lo n iz e  much o f  th e  i n t e r i o r .  Thus, i t  
a p p ea rs  t h a t  v e g e t a t i o n  had two f u n c t io n s  i n  a id in g  p a r a b o l i c  dune 
e v o l u t io n .  F i r s t ,  th e  growth o f  th e  b a y s id e  m a ri t im e  f o r e s t  v i r t u a l l y  
e l im i n a t e d  the  im p o r ta n t  w e s t e r ly  o f f s h o r e  wind component as  a f a c t o r  
i n  dune e v o l u t io n .  As a r e s u l t ,  dune fo rm a t io n  and e v o l u t io n  was 
governed  p r i m a r i l y  by th e  on sh o re  wind component. A lso ,  th e  growth of 
g r a s s e s  and sh ru b s  im m ed ia te ly  landw ard  o f  th e  fo red u n e  s e rv e d  to  
e l i m i n a t e  th e  sand  su p p ly  to  th e  i n t e r i o r .  A lthough th e  g r a s s e s  and 
sh ru b s  reduced  th e  o n sh o re  wind v e l o c i t i e s ,  t h e  onshore  wind i s  o f  
s u f f i c i e n t  m agnitude to  e f f e c t  th e  e v o lu t io n  o f  th e  i n t e r i o r  dunes
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(Gutman, 1978).  Thus, v e g e t a t i o n  s e rv e d  two p u rp o s e s ;  i t  e l im in a te d  
th e  o f f s h o r e  winds as  a component i n  dune e v o l u t io n  and a l s o  c u t  o f f  
th e  i n t e r i o r  from i t s  s o u rc e  o f  sed im en t.
T h e re fo re ,  as  an e s s e n t i a l  r e q u i s i t e  f o r  p a r a b o l i c  dune 
fo rm a t io n ,  v e g e t a t i o n  must p erfo rm  two f u n c t i o n s :  i t  must c u t  o f f
th e  sand  s u p p ly ,  and red u ce  a n o rm a l ly  polym odal wind regim e to one 
t h a t  i s  un im odal.  T h is  has  happened i n  th e  F a ls e  Cape Compartment.
P i s c u s s io n
A c u rso ry  rev iew  o f  th e  d a t a  p r e s e n te d  i n  T ab le  2 r e v e a l s  
t h a t  th e  i n c r e a s e  i n  v e g e t a te d  a r e a  has  p roceeded  in  a  i r r e g u l a r  
manner. For exam ple, some com munities have shown an i n c r e a s e  i n  
a r e a  s in c e  th e  1930’ s w h i le  o th e r s  have d e c l in e d .  However, t o t a l  
v e g e t a t e d  a r e a  has  i n c r e a s e d  i n  th e  F a ls e  Cape and C o ro l la  Compartments.
T h is  v a r i a b i l i t y  i n  t h e  ex p an s io n  o f  i n d i v i d u a l  v e g e t a t i o n  communities 
i s  due to  n a t u r a l  s u c c e s s io n  and v e g e t a t i o n  p l a n t i n g s .  However, th e  
r o l e  o f  n a t u r a l  s u c c e s s io n  canno t be documented due to  t h e  l i m i t e d  
amount o f  pho tog raphy  a v a i l a b l e .  For exam ple, g r a s s y  communities 
e x t a n t  i n  th e  1950’ s have been  c o lo n iz e d  by sh ru b s  and t r e e s ,  r e s u l t i n g  
in  a d e c r e a s e  i n  th e  a r e a  o f  g r a s s y  com munities and an in c r e a s e  in  
th e  sh rub  and f o r e s t  com m unities . F u r th e rm o re ,  one cannot account 
f o r  v e g e t a t i o n  p l a n t i n g s .  Brown (1959) s t a t e s  t h a t  in d ig en o u s  s p e c ie s  
w ere used  i n  th e  r e p l a n t i n g  program, th u s  i t  i s  im p o s s ib le  to  d i s ­
t i n g u i s h  p l a n t e d  a r e a s  from th o s e  t h a t  underw ent n a t u r a l  c o l o n i z a t i o n  
by v e g e t a t i o n .  For exam ple, Brown (1959) r e p o r t s  t h a t  a s i n g l e  
p l a n t a t i o n  was r e s p o n s ib l e  f o r  th e  p l a n t i n g  o f  850,000 p in e  and ced a r  
t r e e s  i n  th e  l a t e  1940’ s and e a r l y  1 9 5 0 's n e a r  th e  C o ro l l a  Compartment.
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In  o th e r  a r e a s ,  l i m i t e d  p l a n t i n g s  were made by th e  N orth  C a ro l in a  
Highway D epartm ent (Gary S o u c ie ,  Audobon M agazine, P e r s o n a l  Communication) 
to  check th e  m ig r a t io n  o f  s p e c i f i c  dunes . Due to  th e  la c k  o f  r e c o rd s  
and poor p h o to g ra p h ic  co v e ra g e ,  a re a s  t h a t  w ere p la n te d  canno t e a s i l y  
be s e p a r a t e d  from th o s e  t h a t  underw ent n a t u r a l  r e v e g e t a t i o n .
W hile th e  i n i t i a l  co re  o f  v e g e t a t i o n  i n  some a r e a s  i s  due 
to  p l a n t i n g s ,  th e  i n c r e a s e  s i n c e  t h a t  time i s  e n t i r e l y  due to  n a t u r a l  
p r o c e s s e s .  Once a fo red u n e  was b u i l t  up and v e g e t a t i o n  became 
e s t a b l i s h e d ,  n a t u r a l  c o l o n i z a t i o n  and s u c c e s s io n  became th e  dominant 
method o f  v e g e t a t i o n  ex p an s io n .
I f  th e  t o t a l  p e r c e n t  a r e a s  o f  th e  G ra s s ,  G ra ss /S h ru b ,  S hrub / 
G ra s s ,  F o r e s t ,  S t a b i l i z e d  Sand, and E o l ia n  F l a t  Commonuties w i th i n  each 
compartment a r e  p l o t t e d  a g a i n s t  tim e (F ig u re  3 0 ) ,  a t r e n d  f o r  each 
compartment becomes a p p a re n t .
The v e g e t a te d  a r e a  o f  th e  F a ls e  Cape Compartment has con­
s i s t e n t l y  in c r e a s e d  th e  f a s t e s t ,  w h i le  th e  C o ro l la  Compartment has 
e x h i b i t e d  a s m a l l e r  i n c r e a s e .  P en n y 's  H i l l ,  on th e  o t h e r  hand , shows 
a v e ry  s m a l l  in c r e a s e  i n  v e g e t a te d  a r e a  due to  b u r i a l  o f  th e  marsh by 
e o l i a n  d e p o s i t i o n  and su b se q u en t  c o l o n i z a t i o n  o f  the  new s u b s t r a t e .
T h is  v a r i a b i l i t y  i s  h y p o th e s iz e d  to  be th e  r e s u l t  o f  sand  fe n c in g .
F a ls e  Cape, which has been sand  fen ced  a lm os t c o n t in u o u s ly  s in c e  th e  
1 9 3 0 's  and e x h i b i t e d  no overw ash, has shown th e  g r e a t e s t  " n a t u r a l "  
r e v e g e t a t i o n  w h i le  P e n n y 's  H i l l ,  overwashed to  a much g r e a t e r  e x t e n t  
has e x h i b i t e d  a much s m a l l e r  i n c r e a s e  i n  v e g e t a t i o n .
S u c c e ss io n  Rates
S in ce  i t  has  been  shown h e re  t h a t  th e  e v o lu t io n  o f  dunes on 
C u r r i t u c k  S p i t  i s  dependen t on th e  growth and s u c c e s s f u l  m a in tenance
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o f  v e g e t a t i o n ,  i t  sh o u ld  be p o s s i b l e  to  a s s ig n  a  t im e ta b le  to  th e  
p ro p o sed  e v o lu t io n a r y  sequence  u s in g  v e g e t a t i o n  s u c c e s s io n  r a t e s .  
U n f o r tu n a te ly ,  few i n v e s t i g a t o r s  have d e a l t  w i th  s u c c e s s io n  r a t e s  o f  
c o a s t a l  v e g e t a t i o n ,  p r im a r i l y  b eca u se  o f  th e  d i f f i c u l t y  i n  o b s e rv in g  
an a r e a  o v e r  long  p e r io d s  o f  t im e .  In  th e  s tu d y  a r e a ,  th e  a v a i l a b i l i t y  
o f  s e q u e n t i a l  a e r i a l  pho tography  o v e r  a long tim e span (38 y e a r s )  
p e r m i t t e d  on a n a l y s i s  o f  v e g e t a t i o n  growth and s u c c e s s io n  b ased  upon 
s y n o p t i c  " s n a p s h o ts "  o f  th e  a r e a .
The c l im ax  community ob se rv ed  i n  th e  s tu d y  a r e a  has been  
documented by many i n v e s t i g a t o r s  (C lem en ts ,  1928; W e l ls ,  1938; Au,
1970; B o u le ,  1976; S ch ro ed e r  et. ad.. , 1977) and a l l  have concluded  
t h a t  th e  c l im ax  community i s  th e  m a r i t im e  f o r e s t  composed p r im a r i l y  
o f  p in e  and oak. However, w i th  th e  e x c e p t io n  o f  Boule (19 76 ) ,  none 
have a t te m p te d  to  d e l i n e a t e  th e  t i m e t a b le  f o r  s u c c e s s io n  to  th e  
c l im ax  community.
B oule (19 76) used s e q u e n t i a l  a e r i a l  pho tography  to  d e l i n e a t e  
th e  s u b a e r i a l  growth of F isherm an I s l a n d ,  V i r g i n i a ,  and i t s  su b se q u en t 
c o l o n i z a t i o n  by v e g e t a t i o n .  A lthough he was p r im a r i ly  concerned  w i th  
th e  i n t e r r e l a t i o n s h i p  o f  dune morphology and v e g e t a t i o n ,  he d id  
p r e s e n t  a t i m e t a b le  o f  s u c c e s s io n  r a t e s .  This  i s  p r e s e n te d  i n  Table  3. 
He found t h a t  s u c c e s s io n  w ould p ro cee d  from a dune-m arsh a s s o c i a t i o n  
to  a m a ri t im e  f o r e s t  in  46 to  95 y e a r s ,  g iven  t h a t  e n v iro n m e n ta l  
f a c t o r s ,  such  as sed im en t s u p p ly ,  w ere c o n s i s t e n t  d u r in g  t h a t  p e r io d  
o f  t im e .  S e v e ra l  problem s a r i s e ,  though , when a t te m p t in g  to  compare 
s u c c e s s io n  r a t e s  on C u r r i t u c k  S p i t  w i th  th o s e  observed  on F isherm an 
I s l a n d .
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Figure 30. Graph of % area Vegetated vs. Time.
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A lthough th e  two a re a s  a r e  w i t h i n  150 k i lo m e t re s  o f  each 
o t h e r ,  t h e r e  a r e  s e v e r a l  m a jo r  d i f f e r e n c e s .  F isherm an I s l a n d  has  
undergone a lm os t c o n t in u a l  a c c r e t i o n  s in c e  i t  f i r s t  formed d u r in g  
th e  e a r l y  n in e t e e n t h  c e n tu ry  w h i le  C u r r i tu c k  S p i t  has been m ig ra t in g  
landw ard  s in c e  i t  formed s e v e r a l  thousand  y e a r s  ago. F u r th e rm o re ,
F isherm an  I s l a n d  has  n e v e r  been sand  fenced  n o r  has i t  undergone any 
v e g e t a t i o n  p l a n t i n g s  (Mark B ou le ,  S h a p i ro  and A s s o c i a te s ;  S e a t t l e ,
W ash ing ton , P e r s o n a l  Communication). A lso , C u r r i tu c k  S p i t  l i e s  i n  th e  
s o u th e rn  zone o f  c o a s t a l  v e g e t a t i o n  w hereas F isherm an I s l a n d  l i e s  i n  
th e  n o r th e r n  zone (B ou le ,  1976). This  r e s u l t s  in  th e  c lim ax community 
b e in g  somewhat d i f f e r e n t ;  i n  th e  c a se  o f  C u r r i tu c k  S p i t  i t  i s  a 
p in e -o a k  a s s o c i a t i o n  w hereas  on F isherm an I s l a n d  i t  i s  a p in e -  
s a s s a f r a s - c h e r r y  a s s o c i a t i o n .  This  may r e s u l t  i n  d i f f e r e n t  s u c c e s s io n  
r a t e s .
In  o r d e r  to  a l l e v i a t e  th e  problem s caused  by comparing 
two d i s s i m i l a r  a r e a s ,  a sm a l l  a r e a  w i th i n  th e  F a ls e  Cape Compartment 
was mapped to  show v e g e t a t i o n  changes. S ince  much o f  th e  a r e a  was 
o r i g i n a l l y  p l a n t e d ,  i t  was d i f f i c u l t  to  f in d  an a r e a  which had been  
n a t u r a l l y  c o lo n iz e d  by v e g e t a t i o n .  However, b a sed  upon f i e l d  v i s i t s  
and a n a l y s i s  o f  th e  a e r i a l  p h o to g rap h y ,  i t  was d e te rm in e d  t h a t  a 
s i t e  a p p ro x im a te ly  5 km NW of th e  V i r g in ia - N o r th  C a ro l in a  s t a t e  l i n e  
had n o t  been  p l a n t e d  s in c e  th e  l a t e  1930’s .  Community b o u n d a r ie s  a t  
t h i s  s i t e  w ere a c c u r a t e l y  mapped (b o u n d a r ie s  w i th i n  + 10 m e t r e s ) .
S ince  only  fo u r  d a te s  o f  imagery w ere a v a i l a b l e ,  s u c c e s s io n  
r a t e s  m easured h e re  r e p r e s e n t  o n ly  a p p ro x im a tio n s .  Boule (1976) had 
n in e  s e t s  of im agery upon which to  b ase  h i s  s u c c e s s io n  r a t e s ;  as a 
r e s u l t  he  was b e t t e r  a b le  to  document th e  a c t u a l  mechanism o f  s u c c e s s io n .
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In  t h i s  s tu d y ,  th e  main em phasis was on im posing a  t im e ta b le  to  th e  
e v o lu t io n a r y  seq u en ce .
The maps a re  p r e s e n te d  as F ig u re s  31A, B, C, D and show 
th e  i n f l u e n c e  o f  sand  f e n c in g .  P r i o r  to  sand f e n c in g ,  much o f  th e  
a r e a  was covered  by a b a r r e n  sand s h e e t  (F ig u re  31A), w i th  o c c a s io n a l  
medanos. At S i t e  A i n  1955 (F ig u re  31B), g r a s s e s  had c o lo n iz e d  th e  
a r e a  im m ed ia te ly  landw ard  o f  th e  fo red u n e .  By 1963 (F ig u re  31C ), 
sh ru b s  had moved i n  and by 19 75 (F ig u re  31D) , th e  a r e a  had been 
s t a b i l i z e d  by a dense  cover  o f  sh ru b s  and g r a s s e s .  A lthough th e  
i n i t i a l  s o u rc e  o f  th e  g ra s s  was v e g e t a t i o n  p l a n t i n g s  made i n  th e  1 9 3 0 's ,  
no p l a n t i n g s  have been u n d e r ta k en  s in c e  t h a t  t im e . T h is  g iv e s  a tim e 
f o r  s u c c e s s io n  from G rass to  Shrubs of a p p ro x im a te ly  20 y e a r s .
At S i t e  B (F ig u re  31A) i n  1937, g r a s s  was a l r e a d y  p r e s e n t .
By 1955 (F ig u re  31B), t h i s  a r e a  was occup ied  by a G rass /S h rub  com­
m u n ity ,  g iv in g  a time o f  18 y e a r s  f o r  s u c c e s s io n  from a  G rass to  G ra s s /  
Shrub community. Between 1955, 1963, and 1975 (F ig u re s  31C and 31D) , 
th e  a r e a  was c o lo n iz e d  by a m a r i t im e  f o r e s t  whose p r e s e n t  h e i g h t  i s  
a p p ro x im a te ly  8 m e tre s .  Thus, s u c c e s s io n  from g ra s s  to  m a ri t im e  f o r e s t  
has  o c c u r re d  w i t h i n  38 y e a r s .  These d a t a  a r e  a l s o  in c lu d e d  i n  Tab le  3.
I f  one can assume t h a t  th e s e  r a t e s  a r e  r e p r e s e n t a t i v e  f o r  
th e  e n t i r e  C u r r i t u c k  S p i t ,  th en  i t  i s  p o s s i b l e  to  h y p o th e s iz e  t h a t  
th e  e v o l u t io n  of p a r a b o l i c  dunes can occu r  a t  any s i t e ,  g iven  th e  
n e c e s s a ry  grow th o f  v e g e t a t i o n ,  w i t h i n  40 y e a r s .
D is c u s s io n
A lthough m a ri t im e  f o r e s t  became e s t a b l i s h e d  a t  S i t e  B w i th in  
40 y e a r s ,  th e  assum ption  t h a t  i t  w i l l  o ccu r  a t  a l l  p o in t s  a long  
C u r r i t u c k  S p i t  i s  n o t  s u p p o r te d  h e r e .  For exam ple, t h e r e  i s  h o r i -
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Figure 31. False Cape Compartment Vegetation Succession Map.
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z o n t a l  and v e r t i c a l  z o n a t io n  caused  by a m u l t i t u d e  o f  p h y s i c a l  and 
b i o l o g i c a l  f a c t o r s  ( i . e . ,  s a l t  s p r a y ,  wind p ru n in g ,  sand  b u r i a l ,  dep th  
o f  th e  f r e s h  w a te r  t a b l e ,  n u t r i e n t  l i m i t a t i o n s ,  b i o l o g i c a l  c o m p e t i t io n ) ,  
as  has  been  d i s c u s s e d  by many i n v e s t i g a t o r s  (W e lls ,  1938; C lem ents ,
1929; O o s t in g  and B i l l i n g s ,  1942; O o s t in g ,  1954; Au, 1970; B ou le ,
1976; Levy, 1976). T h e re fo re ,  i t  does n o t  fo l lo w  from th e  d a t a  t h a t  
a m a r t i t im e  f o r e s t  w i l l  n e c e s s a r i l y  inv ad e  and succeed  a t  S i t e  A.
V e g e ta t io n  com munities a t  S i t e  A may be s u b j e c t  to  e n t i r e l y  d i f f e r e n t  
s t r e s s e s  th a n  th o s e  a t  S i t e  B, w hich i s  lo c a t e d  500 m e tres  f u r t h e r  
in l a n d .  The on ly  c o n c lu s io n  t h a t  can be drawn from th e  d a t a  p r e s e n te d  
h e r e  i s  t h a t  a m a ri t im e  f o r e s t  may succeed  in  an a r e a  w i th i n  40 y e a r s ,  
g iv e n  t h a t  e n v iro n m e n ta l  c o n d i t io n s  a r e  conducive  to  i t s  growth and 
m a in ten a n ce .
An i m p l i c i t  c o n t r o l l i n g  f a c t o r  o f  s u c c e s s io n  on C u r r i tu c k  
S p i t  has  been  th e  p re s e n c e  o r  absence  o f  a fo red u n e .  The fo red u n e  
i n h i b i t s  th e  t r a n s p o r t  o f  s a l t  sp ra y  and sand  i n t o  th e  i n t e r i o r .  Thus, 
i f  t h e r e  i s  no fo re d u n e ,  a m a r i t im e  f o r e s t  may n o t  be p r e s e n t  due 
to  i t s  i n a b i l i t y  to  w i th s ta n d  l a r g e  amounts o f  s a l t  s p ra y  and sand 
b u r i a l .  M oreover, l o c a l  p h y s io g ra p h ic  changes a f f e c t  th e  s u c c e s s io n a l  
r e l a t i o n s h i p s .  In  th e  Penny’ s H i l l  Compartment, m ari t im e  f o r e s t  i s  
n o t  p r e s e n t  seaw ard o f  th e  i n t e r i o r  dune r i d g e ,  w h i le  t h e r e  has been 
a c t i v e  ex p an s io n  i n  th e  l e e  o f  th e  unbroken i n t e r i o r  dune r id g e .
Y e t ,  due to  a l o c a l  in c r e a s e  i n  v e g e t a t i o n  caused  by sand  f e n c in g ,
P e n n y 's  H i l l  was t ra n s fo rm e d  from a medano i n t o  a p a r a b o l i c  dune.
The p a u c i ty  o f  s u c c e s s io n  r a t e  d a t a  i s  due to  th e  i n a b i l i t y  
to  m o n i to r  an a r e a  o v er  long  p e r io d s  o f  tim e. However, s i m i l a r l y  
o b ta in e d  d a t a  f o r  F isherm an I s l a n d ,  V i r g i n i a  Boule (1976) ag ree
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T a b le  3. V e g e ta t io n  S u c c e s s io n  R a te s .
VEGETATION SUCCESSION RATES
Fisherm an I s l a n d ,  Va. (B o u le ,  19 76)
E s ta b l i s h m e n t  of Dune-March Community 1-5 Y ears
In v a s io n  o f  Dune-Marsh by B ayberry 5-10 TV
M a tu r i ty  o f  B ayberry  T h ic k e t 10-20 II
In v a s io n  o f  B ayberry  T h ic k e t  by Hardwoods 10-20 II
M a tu r i ty  o f  Woodland 20-40 II
Dune-Marsh to  M ature Woodland 46-95 Y ears
2. C u r r i t u c k  S p i t  (T h is  Study)
Grass to  Shrubs <20 Y ears
Shrub to  F o r e s t  <20 11
Grass to  F o r e s t  <38 "
S p a rse  G rass to  M arit im e F o r e s t <38 Y ears
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re a s o n a b ly  w e l l  w i th  th e  s p a r s e  d a t a  a v a i l a b l e  f o r  C u r r i tu c k  S p i t .  
S in ce  t h e r e  were no v e g e t a t i o n  p l a n t i n g s  on F isherm an I s l a n d ,  B o u le f s 
(19 76) d a t a  may be c o n s id e re d  i n d i c a t i v e  o f  s u c c e s s io n  r a t e s  which 
m ight have o c c u r r e d  on C u r r i t u c k  S p i t  had t h e r e  been  no sand fe n c in g  
program . As s u ch ,  th ey  p ro b ab ly  r e p r e s e n t  a maximum f o r  th e  s tu d y  
a r e a .  Thus, th e  fo rm a t io n  o f  p a r a b o l i c  dunes as p roposed  e a r l i e r  
can be c a r r i e d  to  com ple tion  in  30 to  50 y e a r s ,  i f  sand  fe n c in g  and 
v e g e t a t i o n  a r e  used  c o n c o m ita n t ly  to  c r e a t e  a fo red u n e .
DISCUSSION AND CONCLUSIONS
The e v o l u t io n  o f  a p a r a b o l i c  dune from a medano has  been 
documented i n  p re v io u s  c h a p te r s .  However, a mechanism f o r  th e  o r i g i n  
of a medano has  n o t  been  d i s c u s s e d .  This  i s  due to  th e  absence  o f  
a e r i a l  pho tography  w hich showed th e  fo rm a t io n  o f  a medano. A lthough 
d a t a  a r e  l a c k in g ,  one can h y p o th e s iz e  how a medano m ight form.
Given t h a t  a l a r g e  sup p ly  o f  sed im en t was a v a i l a b l e  on 
th e  o r i g i n a l  sand  s h e e t ,  th e  polym odal wind regim e would te n d  to  
p i l e  sand  up from many d i r e c t i o n s .  The n u c le u s  o f  th e  medano cou ld  
be r e l a t e d  to  any s u r f a c e  roughness  e lem en t ,  from th e  c a r c a s s  of a 
dead an im al to  an i s o l a t e d  shrub which s u rv iv e d  on th e  sand  s h e e t .
The fo rm a t io n  o f  dunes around  o b s t a c l e s  has been  e x t e n s i v e ly  d is c u s s e d  
(B agnold , 1942; Z en k o v itch ,  1967) and rev iew ed  i n  G oldsm ith  (1978).  
Thus, i n  an a r e a  w i th  a l a r g e  sup p ly  o f  sand i n  a l l  d i r e c t i o n s ,  a 
polym odal wind would p i l e  sand i n t o  a somewhat c i r c u l a r  mound. As 
th e  medano grew, i t  would c r e a t e  a wind shadow r e s u l t i n g  i n  f u r t h e r  
d e p o s i t i o n  as sand  was d e p o s i t e d  i n  th e  l e e  s id e  o f  th e  dune. This  
can be s een  i n  th e  e a r l y  imagery o f  F a ls e  Cape, C o ro l la  and P en n y 's  
H i l l  (F ig u re s  3 ,  7, 10) where a b low out a r e a  su r ro u n d s  each medano. 
There i s  a p rob lem , though , when a t te m p t in g  to  r e l a t e  th e  h e i g h t  of 
a p a r t i c u l a r  medano to  a s i n g l e  p a ra m e te r .
T soar (1978) has d e v ise d  a t h e o r e t i c a l  model which s t a t e s  
t h a t  d e s e r t  dunes made up o f  f i n e  sand w i l l  grow h ig h e r  th an  dunes 
made of c o a r s e  sand . Thus, one m ight ex p ec t  to  r e l a t e  dune h e ig h t
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to  g r a in  s i z e .  A problem  a r i s e s ,  though , b eca u se  dunes o f  th e  same 
g r a i n  s i z e  a r e  n o t  s t r i c t l y  com parable i n  h e i g h t .  For exam ple, Lewark 
H i l l ,  a 25 m h ig h  medano, has n e a r l y  th e  same g r a i n  s i z e  d i s t r i b u t i o n  
as Jockey  R idge , which i s  n e a r l y  50 m h ig h .  A lso ,  t r a n s v e r s e  dunes , 
which form from th e  medanos a re  much low er i n  h e i g h t  (~12 m) y e t  
p o s s e s s  th e  same g r a i n  s i z e  d i s t r i b u t i o n  as th e  o r i g i n a l  medano. 
F u r th e rm o re ,  W ilson  (19 72, 1973) has  found t h a t  d e s e r t  dunes made o f  
c o a rs e  sand  a r e  u s u a l l y  h ig h e r  th a n  f i n e  g ra in e d  dunes . C le a r ly ,  th e  
r e g u l a t i o n  o f  dune h e i g h t  s t r i c t l y  by g r a in  s i z e  does n o t  app ly  h e r e .
S in ce  medano h e i g h t  was n e a r l y  u n ifo rm  w i t h i n  th e  s tu d y  a r e a  
i t  ap p ea rs  t h a t  t h e r e  i s  some c o n t r o l l i n g  f a c t o r  a t  work. T h is  f a c t o r  
may be d ep th  o f  th e  f r e s h  w a te r  t a b l e .  S in ce  w a t e r - s a t u r a t e d  sand  
i s  d i f f i c u l t  to  e ro d e ,  a r e a s  w i th  a h ig h  w a te r  t a b l e  may have low er 
medanos than  a re a s  w i th  a low w a te r  t a b l e .  I n  th e  1937 im agery o f  
F a l s e  Cape (F ig u re  8) th e  medanos a r e  su rro u n d ed  by an a r e a  blown 
o u t  to  th e  w a te r  t a b l e .  U l t i m a t e ly ,  dep th  to  th e  w a te r  t a b l e  would 
r e g u l a t e  sed im en t s u p p ly .  For example Jockey R idge , which has a 
l a r g e  sed im en t s o u rc e  a r e a  above th e  w a te r  t a b l e  ( i . e . ,  r e l i c  dune 
r id g e s )  i s  much h ig h e r  than  Lewark’ s H i l l ,  which has a h ig h  w a te r  
t a b l e .  U ndoubtedly , o t h e r  f a c t o r s  a l s o  c o n t r i b u t e  to  th e  r e g u l a t i o n  
of medano h e i g h t ,  b u t  th e  s o l u t i o n  o f  t h i s  problem  i s  beyond th e  scope 
o f  t h i s  t h e s i s .
P a r a b o l i c  and t r a n s v e r s e  dunes form b ecau se  o f  th e  e f f e c t s  
o f  a d j a c e n t  v e g e t a t i o n ,  which a c t  n o t  on ly  to  c o n t r o l  sed im en t s u p p ly ,  
b u t  a l s o  to  change th e  l o c a l  wind c l im a te .  P a r a b o l i c  dunes , as 
shown p r e v io u s l y ,  form when v e g e t a t i o n  t ra n s fo rm s  a n o rm a lly  polymodal 
w ind regim e i n t o  one t h a t  i s  unim odal. In  th e  case  o f  Penny’s H i l l ,
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i t  was shown t h a t  th e  m a r i t im e  f o r e s t  which grew up on th e  w e s te rn  
s i d e  o f  C u r r i t u c k  S p i t  e f f e c t i v e l y  n e g a te d  th e  w e s t e r ly  winds and 
a l low ed  th e  onshore  winds to  assume dominance. Concom itant w i th  th e  
growth o f  th e  m a r i t im e  f o r e s t  was an i n c r e a s e  i n  g r a s s e s  and sh rubs  
seaw ard  o f  th e  p a r a b o l i c  dune. This  e f f e c t i v e l y  c u t  o f f  th e  sed im en t 
sup p ly  and a l low ed  th e  dune to  form s i m i l a r  to  a sequence  o r i g i n a l l y  
p roposed  by Landsberg  (1956, F ig u re  17 ) .
In  th e  case  o f  t r a n s v e r s e  dunes , m a r i t im e  f o r e s t  s e rv e s  to  
d im in is h  th e  w e s te r ly  w in d s ,  and , as i n  th e  case  o f  p a r a b o l i c  dunes , 
th e  onsho re  w inds become dom inant. However, seaw ard o f  th e  t r a n s v e r s e  
dunes t h e r e  has been  no concom itan t  growth o f  g r a s s e s  and s h ru b s .
As a r e s u l t ,  th e  t r a n s v e r s e  dunes rem ain  a t t a c h e d  to  t h e i r  s o u rc e  o f  
sed im en t.  In  th e  C o ro l la  Compartment, th e  t r a n s v e r s e  dunes have b u i l t  
up to  th e  h e i g h t  o f  th e  downwind m a ri t im e  f o r e s t ,  and a r e  a c t i v e l y  
m ig r a t in g  o v e r  th e  f o r e s t  a t  a r a t e  o f  from 6 to  12 m p e r  y e a r .  I t  
ap p ea rs  t h a t  the  onshore  winds t r a n s p o r t  sand  tow ard th e  f o r e s t  
where i t  forms an o b s t a c l e  dune ( i . e . ,  t h i s  o b s t a c l e  b e in g  th e  f o r e s t )  
which grows h ig h e r  w i th  t im e . Once th e  dune exceeds th e  h e i g h t  o f  
th e  a d j a c e n t  f o r e s t ,  th e  w e s t e r l y  winds blow sand back  on to  th e  e o l i a n  
f l a t  a r e a s .  Onshore w inds blow sand  o n to  th e  dune and o v er  th e  
s l i p f a c e ,  th u s ,  th e  h e i g h t  o f  a t r a n s v e r s e  dune i s  r e g u la te d  by th e  
h e i g h t  o f  th e  a d j a c e n t  f o r e s t .  M ig ra t io n  o ccu rs  as sand i s  t r a n s p o r t e d  
o v e r  th e  s l i p f a c e  and d e p o s i t e d  on th e  f l o o r  o f  th e  f o r e s t .  Once sand 
has  been  t r a n s p o r t e d  o v e r  th e  s l i p f a c e  i t  canno t be blown back  on to  
th e  dune, which r e s u l t s  i n  th e  m ig r a t io n  o f  th e  dune o v er  th e  f o r e s t .
S in ce  the  on ly  m a jo r  d i f f e r e n c e  between p a r a b o l i c  and 
t r a n s v e r s e  dune fo rm a t io n  was th e  growth o f  v e g e t a t i o n  seaw ard of
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th e  dune, i t  can be concluded  t h a t  v e g e t a t i o n  i s  th e  main f a c t o r  
r e s p o n s ib l e  f o r  th e  e v o l u t io n  o f  a s p e c i f i c  dune ty p e .
The e v o lu t io n a r y  sequence  i s  summarized i n  F ig u re  32, which 
a l s o  shows th e  ap p rox im ate  tim e frame f o r  dune e v o l u t io n  and th e  
s t a g e  o f  each  compartment i n  1975.
The d i f f e r e n c e s  i n  v e g e t a t i o n  and r e s u l t i n g  dune e v o lu t io n  
may be due to  d i f f e r i n g  amounts o f  overwash and sand  f e n c in g .  Overwash 
d e s t ro y s  v e g e t a t i o n  e i t h e r  by b u r i a l  o r  by exposu re  to  s a l t  w a te r .
Thus, i n  an a r e a  where t h e r e  i s  no fo redune  to  p r e v e n t  overw ash , dune 
e v o l u t io n  may be r e t a r d e d .
F ig u re  33 i s  ta k e n  from Boc and L a n g fe ld e r  (1977) and 
summarizes th e  r e c e n t  h i s t o r y  o f  overwash a long  C u r r i tu c k  S p i t .
Note t h a t  th e  P en n y 's  H i l l  compartment e x h i b i t s  th e  h ig h e s t  f requency  
o f  overwash w h i le  th e  C o ro l l a  compartment has been  overwashed to  a 
l e s s e r  e x t e n t .  Boc and L a n g fe ld e r  (1977) d id  n o t  s tu d y  th e  F a ls e  
Cape com partment. However, an a n a l y s i s  o f  a v a i l a b l e  a e r i a l  pho tography  
r e v e a le d  t h a t  v i r t u a l l y  no overwash has  o c c u r re d  t h e r e  s in c e  the  
i n i t i a t i o n  of th e  sand fe n c in g  program in  th e  l a t e  1 9 3 0 's .
F ig u re  34 summarizes th e  h i s t o r y  o f  sand fe n c in g  i n  the  
s tu d y  a r e a ,  as d e l i n e a t e d  from th e  a e r i a l  pho tog raphy . This  shows 
t h a t  F a ls e  Cape has  had n e a r l y  co n t in u o u s  sand  f e n c in g  s in c e  the  
l a t e  1 9 3 0 's  w h i le  th e  o t h e r  compartments have been sand fenced  to 
a l e s s e r  e x t e n t .  Thus, t h e r e  ap p ea rs  to  be an in v e r s e  r e l a t i o n s h i p  
betw een sand  fe n c in g  and overw ash. However, o th e r  f a c t o r s  may 
d e te rm in e  w h e th e r  o r  n o t  an a r e a  i s  s u b j e c t  to  overwash. N earshore  
subm arine  topography  may in f l u e n c e  wave r e f r a c t i o n ,  r e s u l t i n g  in  
convergence o r  d iv e rg e n c e  o f  wave ra y s  ( F i s h e r  js t  _al. , 1975). While
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F ig u re  32. Observed Dune E v o lu t io n  Sequences on C u r r i tu c k  
S p i t .
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PARABOLIC DUNES
STABI LI ZED DUNES
TRANSVERSE DUNES
S T A G E  5
P R E S E N T  ( 1 9 7 8 )  STAGE
PENNYS HILL COMPARTMENT STAGE 1 - 2
C O R O L L A  COMPARTMENT S T A G E  3
FALSE CAPE COMPARTMENT STAGE 4
T E M P O R A L  D E V E L O P M E N T
STAGE I  ► STAGE 3
S T A G E  I  ► S T A G E  4
-  2 5  Y E A R S
-  4 0  Y E A R S
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no a t te m p t  has  been  made to r e l a t e  wave r e f r a c t i o n  to  overwash in  
t h i s  a r e a ,  th e  p re s e n c e  o f  a fo red u n e  does p re v e n t  overwash d u r in g  
m inor s to rm s (H o s ie r  and C le a ry ,  1977; S ch ro ed e r  e t  a l . , 1977).
S in ce  m a jo r  s to rm s  have been  r a r e  f o r  th e  p a s t  16 y e a r s ,  sand  f e n c in g  
may have been th e  most im p o r ta n t  f a c t o r  i n  re d u c in g  th e  f req u en cy  
o f  overwash i n  th e  F a ls e  Cape and C o ro l la  com partm ents . U n f o r tu n a te ly ,  
th e  e x a c t  r e l a t i o n s h i p  between overw ash , sand fe n c in g  and v e g e t a t i o n  
can n o t be q u a n t i f i e d  h e re .
Dune e v o l u t io n  on C u r r i t u c k  S p i t  has  been th e  d i r e c t  r e s u l t  
o f  th e  growth and e x p an s io n  o f  v e g e t a t i o n .  V e g e ta t io n  s e rv e s  to  
r e g u l a t e  sed im en t su p p ly  and a l s o  to  a l t e r  th e  l o c a l  wind c l im a te .
Thus, i t  ap p ea rs  t h a t  v e g e t a t i o n  i s  th e  most im p o r ta n t  f a c t o r  i n  dune 
e v o l u t io n .  W hile v e g e t a t i o n  i s  th e  most im p o r ta n t  f a c t o r  i n  dune 
e v o l u t i o n ,  overwash f req u en cy  r e g u l a t e s  th e  growth o f  v e g e t a t i o n .
On C u r r i tu c k  S p i t ,  sand fe n c in g  was used  to  c r e a t e  a p r o t e c t i v e  
fo red u n e  in  some a r e a s  which a llow ed  v e g e t a t i o n  to  c o lo n iz e  the  
i n t e r i o r  by re d u c in g  overwash. A d d i t i o n a l l y ,  t h e  low f req u en cy  o f  
m a jo r  s to rm s  o v e r  th e  l a s t  15 y e a r s  may have a l s o  been  a  f a c t o r  i n  
th e  growth and ex p an s io n  o f  v e g e t a t i o n .
I t  ap p ea rs  t h a t  overwash on C u r r i tu c k  S p i t  was th e  r e s u l t  
o f  d e v e g e ta t io n  r a t h e r  th an  th e  cau se .  E a r ly  s e t t l e r s  removed 
f o r e s t  and g ra z in g  an im als  removed th e  rem ain ing  v e g e t a t i o n .  This  
r e s u l t e d  in  th e  fo rm a t io n  o f  a low, b a r r e n  sand s h e e t  which was 
s u s c e p t i b l e  to  overwash even d u r in g  m inor s to rm s .  As a fo red u n e  was 
c r e a t e d  i n  some a r e a s ,  t h e  f requency  o f  overwash d im in ish e d .  This  
a l low ed  v e g e t a t i o n  to  r e c o l o n iz e  and r e s t a b i l i z e  th e  i n t e r i o r  o f  th e  
S p i t .  The r e s u l t i n g  d i f f e r e n t i a l  growth o f  v e g e t a t i o n  a long  C u r r i tu c k
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S p i t  has  r e s u l t e d  i n  th e  fo rm a t io n  o f  th r e e  d i f f e r e n t  dune ty p e s .
Medanos form when t h e r e  i s  a com plete  l a c k  o f  v e g e t a t i o n ,  i n  an a re a  
w i th  a polym odal wind reg im e (which i s  common i n  c o a s t a l  a r e a s ) .  
T ra n s v e r s e  dunes form when m a r i t im e  f o r e s t  in c r e a s e s  s u f f i c i e n t l y  in  
h e i g h t  to  a l lo w  wind from one q u a d ra n t  to  become dom inant. A lso ,  
th e  dune rem ains  a t t a c h e d  to  a  so u rce  o f  sed im en t due to  th e  absence  
o f  upwind v e g e t a t i o n .
P a r a b o l i c  dunes a l s o  form when m a ri t im e  f o r e s t  i n c r e a s e s  i n  
h e i g h t  and th e  l o c a l  wind reg im e becomes unim odal. However, sed im ent 
su p p ly  i s  cu t  o f f  by th e  grow th o f  upwind v e g e t a t i o n .
V e g e ta t io n  on C u r r i tu c k  S p i t  has a l s o  undergone many 
changes . As r e v e a le d  i n  Appendix A, i t  ap p ea rs  t h a t  C u r r i tu c k  S p i t  
was o r i g i n a l l y  w e l l  v e g e t a te d .  V e g e ta t io n  was d e s t ro y e d  and t h i s  
r e s u l t e d  i n  th e  c r e a t i o n  o f  a b a r r e n  sand  s h e e t  by th e  mid n in e t e e n t h  
c e n tu ry .  T h is  c o n d i t io n  p e r s i s t e d  u n t i l  th e  m id-1930’ s when sand 
f e n c in g  was u sed  to  c r e a t e  a fo re d u n e ,  and v e g e t a t i o n  was p l a n t e d  on 
th e  S p i t .  S in ce  t h a t  t im e ,  v e g e t a t i o n  has r a p id l y  in c r e a s e d  in  
d e n s i t y  and a r e a .  In  th o s e  a r e a s  where sand f e n c in g  was m a in ta in e d ,  
v e g e t a t i o n  has  expanded to  a much g r e a t e r  e x t e n t  than  i n  th o se  a re a s  
which w ere n o t  sand fen ce d .  In  l i g h t  o f  th e  e a r l y  h i s t o r y  o f  
C u r r i t u c k  S p i t ,  i t  a p p ea rs  t h a t  th e  r e c e n t  i n c r e a s e  i n  v e g e t a t i o n  i s  
n o t  abnormal and , in d e e d ,  r e p r e s e n t s  a r e t u r n  to  th e  o r i g i n a l  c o n d i t io n s  
which e x i s t e d  on C u r r i t u c k  S p i t .
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APPENDIX A
THE EARLY HISTORY OF CURRITUCK SPIT (1585-1945)
R e fe re n c e s  to  t h e  O ute r  Banks a r e  as  o ld  as  t h e  European 
in  N orth  America. I n  f a c t ,  t h e  f i r s t  a t te m p t  a t  an E n g l is h  co lony 
in  N orth  America was u n d e r ta k e n  by S i r  W a l te r  R a le ig h  a t  Roanoke 
d u r in g  th e  l a t e  1 5 8 0 's  The co lony was a f a i l u r e ,  t h e  on ly  c lu e  to  
i t s  d is a p p e a ra n c e  was t h e  word "CROATAN" ca rv ed  on a p o s t  (W hite,
1590).  S u b s e q u e n t ly ,  c o lo n ie s  w ere  e s t a b l i s h e d  a lo n g  t h i s  a r e a ,  and 
f o r  th e  n e x t  one hundred and f i f t y  y e a r s  th e  O u ter  Banks p la y ed  an 
im p o r ta n t  p a r t  i n  th e  h i s t o r y  o f  V i r g in i a  and th e  C a ro l in a s  (Dunbar, 
1958).
The boundary between V i r g in i a  and C a ro l in a  was long d is p u te d  
and a r o s e  from t h e  c h a r t e r  o f  King George I I ,  d a te d  'March 24, 1663 
(Boyd, 1967).  A l i n e  was to  be ru n ,  a c c o rd in g  to  th e  c h a r t e r ,  from 
th e  n o r th  s i d e  o f  C o ra tu ck  I n l e t  (known now as  Old C u r r i t u c k  I n l e t )  
w es t  to  Weyanoke Creek and th e n c e  th rough  th e  Dismal Swamp, U nfor­
t u n a t e l y ,  no one a t  t h a t  tim e knew th e  ex a c t  l o c a t i o n  o f  Weyanoke 
Creek. T h e re fo re ,  t h e  g o verno rs  pf b o th  c o lo n ie s  ag ree d  to  end th e  
c o n t ro v e r s y  by fo rm ing  a j o i n t  commission to  d e te rm in e  th e  t r u e  
boundary l i n e .  F o r tu n a t e ly ,  th e  su rv e y in g  o f  th e  boundary l i n e  
was re c o rd e d  by C ol. W illiam  Byrd in  "The H is to r y  o f  th e  D iv id in g  
L ine"  w r i t t e n  in  1728. The fo l lo w in g  i s  from Byrd:
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M. . .  I t  was j u s t  Noon b e f o r e  we a r r i v e d  a t  C o ra tuck  
I n l e t ,  which i s  now so s h a l lo w  t h a t  t h e  B re a k e rs  f l y  o ver  
i t  w i th  a h o r r i b l e  Sound, and a t  th e  same tim e a f f o r d  a 
v e ry  w i ld  P r o s p e c t .  On th e  n o r th  s id e  o f  t h e  I n l e t ,  t h e  
High Land te rm in a te d  i n  a B lu f f  P o i n t ,  from which a  S p i t  
o f  Sand Extended i t s e l f  tow ards th e  S o u th -E a s t ,  f u l l  h a l f  
a M ile .  The I n l e t  l i e s  betw een t h a t  S p i t  and a n o th e r  on 
th e  South  o f  i t ,  l e a v in g  an Opening o f  n o t  q u i t e  a M ile ,  
which a t  t h i s  day i s  n o t  p r a c t i c a b l e  f o r  any V e s s e l  
w h a ts o e v e r .  And as  sh a l lo w  as i t  now i s ,  i t  c o n t in u e s  
to  f i l l  up more and more, b o th  th e  Wind and Waves r o l l i n g  
i n  th e  Sands from th e  E a s t e r n  S h o a ls ,
However, t h a t  we who w ere p u n c tu a l  m igh t n o t  spend 
our p re c io u s  t im e  u n p r o f i t q b l y ,  we took  S e v e ra l  b e a r in g s  
o f  t h e  C o as t .  We a l s o  su rveyed  p a r t  o f  t h e  A d jace n t  High 
Land, which had s c a r c e l y  any T rees  growing upon i t ,  b u t  
C ed ars .  Among th e  S h rubs ,  we w ere shewed h e r e  and t h e r e  
a Bush o f  C a ro l in a -T e a  c a l l e d  Japon , w hich i s  one S p e c ie s  
o f  t h e  P h y la r r e a .  T h is  i s  an E v e rg re en ,  th e  Leaves 
w hereof have some resem ba lance  to  Tea, b u t  d i f f e r  y e ry  
w id e ly  b o th  i n  T a s t  and F la v o u r .
We a l s o  found some few P l a n t s  o f  th e  Spiked Leaf S i l k  
g r a s s ,  which i s  l i k e w is e  an E v e rg re en ,  b e a r in g  on a 
l o f t y  Stemm a l a r g e  C lu s t e r  o f  F low ers o f  a P a le  Y ellow .
Of th e  Leaves o f  t h i s  P l a n t  th e  P eo p le  th e re a b o u ts  t w i s t  
v e ry  s t r o n g  Cordage. A v i r t u o s o  m igh t d i v e r t  h im s e l f  
h e r e  v e ry  w e l l  . . .^
" . . .  At Noon, hav ing  a P e r f e c t  O b se rv a t io n ,  we 
found th e  L a t i t u t e  o f  C ora tuck  I n l e t  to  be 36 D egrees 
and 31 M inu tes .
W h i ls t  we w ere b u s ie d  abou t th e s e  N ecessa ry  M a t t e r s ,  
our S k ip p e r  row ’d to  an O y s te r  Bank j u s t  by , and loaded  
h i s  P e r ia u g a  w i th  O y s te r s  a s  Savoury and w e l l - t a s t e d  as 
th o s e  from C o lc h e s te r  o f  W a l f l e e t ,  and had th e  advan tage  
o f  them, to o ,  by b e in g  much l a r g e r  and f l a t t e r .
About 3 i n  t h e  A fte rn o o n  th e  two la g g  Commissioners 
a r r i v ’d, and a f t e r  a few d e c e n t  excuses  f o r  making us  
w a i t ,  t o l d  us th e y  w ere ready  to  e n t e r  upon B us iness  
as  soon as we p l e a s ’d . The f i r s t  S tep  was to  produce 
o u r  r e s p e c t i v e  Pow ers, and th e  Commission from each 
Governor was d i s t i n c t l y  r e a d ,  and Copies o f  them 
in te r c h a n g e a b ly  d e l i v e r ’d.
I t  was o b s e r v ’d by our C a ro l in a  F r ie n d s ,  t h a t  th e  
L a t t e r  P a r t  o f  th e  V i r g in i a  Commission had som ething  in  
i t  a l i t t l e  too  l o r d l y  and P o s i t i v e .  I n  answer to  
which we t o l d  them twas n e c e s s a ry  to  make i t  th u s  
pe rem p to ry ,  l e s t  t h e  p r e s e n t  Commissioners m igh t go 
upon as  f r u i t l e s s  an E rran d  as t h e i r  P r e d e c e s s o r s .
The fo rm er Commissioners w ere  t y ’d down to  Act in  
E xac t C o n ju n c tio n  w i th  th o s e  o f  C a r o l in a ,  and so 
cou ld  n o t  advance one S tep  f a r t h e r ,  o r  one J o t  f a s t e r ,  
than  th e y  w ere p l e a s ’d to  p e rm i t  them.
2N ote B y rd 's  r e f e r e n c e  to  HEMP
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The Memory o f  t h a t  d is a p p o in tm e n t ,  t h e r e f o r e ,  in d u c ’d 
th e  Government o f  V i r g in i a  to  g iv e  f u l l e r  Powers to  th e  
p r e s e n t  Com m issioners, by A u th o r iz in g  them to  go on w i th  
th e  Work by Them selves, i n  Case th o s e  o f  C a ro l in a  shou ld  
p ro v e  u n re a s o n a b le ,  and r e f u s e  to  j o i n  w i th  them in  
c a r r y i n g  th e  b u s in e s s  to  E x e c u t io n .  And a l l  t h i s  was 
done l e s t  H is  M a je s ty ’s g ra c io u s  I n t e n t i o n  sho u ld  be 
f r u s t r a t e d  a Second t im e .
A f t e r  b o th  Commissions w ere  c o n s id e re d ,  th e  f i r s t  
Q u e s t io n  w as, w here th e  D iv id in g  L in e  was to  b e g in .  This  
b e g a t  a Warm d e b a te ;  t h e  V i r g i n i a  Commissioners con­
te n d in g ,  w i th  a g r e a t  d e a l  o f  Reason, to  b e g in  a t  th e  
End o f  th e  S p i t t  o f  Sand, which was u n doub ted ly  th e  
N orth  Shore o f  C ora tuck  I n l e t .  But th o s e  o f  C a ro l in a  
i n s i s t e d  S t r e n u o u s ly ,  t h a t  th e  P o in t  o f  High Land ought 
r a t h e r  to  be  t h e  P la c e  o f  B eg in n in g ,  b e ca u se  t h a t  was 
f i x t  and c e r t a i n ,  w hereas t h e  S p i t t  o f  Sand was ever 
S h i f t i n g ,  and d id  a c t u a l l y  run o u t  f a r t h e r  now than  
fo rm e r ly .  The C o n te s t  l a s t e d  some H ours, w i th  g r e a t  
Vehemence, n e i t h e r  P a r ty  r e c e d in g  from t h e i r  O pinion
t h a t  N ig h t .  But n e x t  M orning, Mr. M................ , to  conv ince
us he was n o t  t h a t  O b s t in a t e  P e rso n  he had been r e p r e ­
s e n t e d ,  y i e ld e d  to  ou r R easons, and found Means to  
b r in g  o v er  h i s  C o lle a g u e s .
H ere we began a l r e a d y  to  re a p  th e  B e n e f i t  of th o s e  
Perem ptory  Words i n  ou r  Commission, which i n  t r u t h  added 
some Weight to  ou r  Reasons. N e v e r th e le s s ,  because  
p o s i t i v e  p ro o f  was made by th e  Oaths o f  two C re d ib le  
W i tn e s s e s ,  t h a t  t h e  S p i t t  o f  Sand had advanced 200 
Yards tow ards t h e  I n l e t  s i n c e  t h e  C on tro v e rsy  f i r s t  
b e g a n , 2 we w ere w i l l i n g  f o r  P eace sa k e  to  make them 
t h a t  a l lo w a n c e .  A cco rd in g ly  we f ix e d  our B eg inn ing  
a b o u t t h a t  D is ta n c e  N o rth  o f  t h e  I n l e t ,  and th e r e  
O rdered  a C ed a r-P o s t  to  be  d r iv e n  deep in to  th e  Sand 
f o r  ou r b e g in n in g .  W hile  we c o n t in u e d  h e r e ,  we w ere 
t o l d  t h a t  on th e  South  S ho re ,  n o t  f a r  from th e  I n l e t ,  
dw e lt  a M arooner, t h a t  M odestly  c a l l ’d h im se lf  a 
H e rm it ,  t h o ’ he f o r f e i t e d  t h a t  Name by S u f f e r in g  a 
w anton Female to  c o h a b i t  w i th  Him.
H is H a b i t a t i o n  was a Bower, c o v e r 'd  w i th  Bark 
a f t e r  th e  In d ia n  F a sh io n ,  which in  t h a t  m ild  
S i t u a t i o n  p r o t e c t e d  him p r e t t y  w e l l  from th e  W eather.
L ik e  th e  Ravens, he n e i t h e r  p low ’d no r  sow 'd b u t  
S u b s i s t e d  c h i e f l y  upon O y s te r s ,  which h i s  Handmaid 
made a S h i f t  to  g a th e r  from th e  A d jacen t  Rocks.
Sometimes, to o ,  f o r  Change of D yet,  he  s e n t  h e r  to  
d r i v e  up th e  N e ig h b o u r’ s Cows, to  m o is te n  t h e i r  
Mouths w i th  a l i t t l e  M ilk . But as  f o r  r a im e n t ,  he 
depended m o stly  upon h i s  Length  o f  B eard , and She
2Note t h a t  th e  i n l e t  had m ig ra te d  200 y a rd s  s o u th  i n  l e s s  
th a n  16 y e a r s  (Boyd, 1967). T h is  s o u th e r l y  m ig ra t io n  i s  t y p i c a l  of 
i n l e t s  in  th e  a r e a .
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upon h e r  L ength  o f  H a i r ,  p a r t  o f  which she  b ro u g h t  
d e c e n t ly  fo rw a rd ,  and th e  r e s t  dang led  b eh in d  q u i t e  down 
to  h e r  Rump, l i k e  on e o f  H e ro d o tu s ’s E a s t  In d ia n  
P ig m ie s .
Thus d id  th e s e  W retches l i v e  i n  a d i r t y  S t a t e  o f  
N a tu re ,  and w ere mere A dam ites ,  Innocence  on ly  e x c e p te d .
T h is  Morning th e  Surveyo rs  began to  run  th e  
D iv id in g  l i n e  from th e  C ed a r-P o s t  we had d r iv e n  in to  
th e  Sand, a l lo w in g  n e a r  3 Degrees f o r  th e  V a r i a t i o n .
W ithout making t h i s  J u s t  a l lo w a n c e ,  we sho u ld  n o t  have 
obeyd h i s  M a je s ty ’ s o rd e r  in  ru n n in g  a Due West L in e .
I t  seems th e  fo rm er Commissioners had n o t  been so e x a c t ,  
which gave o u r  F r ie n d s  o f  C a ro l in a  b u t  too  j u s t  an 
E x ce p tio n  to  t h e i r  P ro c e e d in g s .
The L in e  c u t  D o s i e r ’ s I s l a n d ,  c o n s i s t i n g  on ly  of 
a F l a t  Sand, w i th  h e re  and t h e r e  an humble Shrub 
growing upon i t .  From th e n c e  i t  c r o s t  o ver  a narrow  
Arm o f  th e  Sound in t o  K n o t’s I s l a n d ,  and t h e r e  S p l i t  
a P l a n t a t i o n  b e lo n g in g  to  W ill iam  H ard ing .
We a l s o  saw a sm a l l  New England Sloop r i d i n g  in  
th e  Sound, a l i t t l e  to  th e  s o u th  o f  our c o u r s e .  She 
had come i n  a t  th e  New I n l e t  as  a l l  o th e r  v e s s e l s  
have done s in c e  t h e  open ing  o f  i t .  The N a v ig a t io n  
i s  a l i t t l e  d i f f i c u l t  and f i t  o n ly  f o r  v e s s e l s  t h a t  draw 
no more th an  t e n  f e e t  W ater . . . 3
Sharpe (1961) rem arks t h a t  th e  p o r t  o f  C u r r i t u c k  was one 
o f  th e  f i v e  o r i g i n a l  p a r t s  o f  th e  co lony and d i s c u s s e d  i t s ’ e a r ly  
h i s t o r y .  I n  1726, th e  G enera l  Assembly a p p r o p r ia t e d  funds to  mark 
th e  e n t r a n c e  to  New C u r r i t u c k  I n l e t .  By 1731, th e  I n l e t  was s h o a l in g  
and in  1761 e f f o r t s  w ere  made to  improve i t .  By th e  tim e o f  th e  
R e v o lu t io n a ry  War, t r a f f i c  to  th e  P o r t  o f  C u r r i t u c k  was f a l t e r i n g ,  
though even as  l a t e  a s  1786, 194 s c h o o n e rs ,  43 s lo o p s  and 5 b r ig s  
e n t e r e d  th ro u g h  th e  I n l e t .  The I n l e t  f i n a l l y  c lo s e d  in  1828, p o s s ib ly  
b u r i e d  in  p a r t  by one o f  th e  medanos ( i . e . ,  sand h i l l s )  in  th e  a r e a ,  
as  t h i s  e x c e r p t  from F l e t c h e r  and G uild  (1947) s u g g e s ts :
" . . .  Many y e a r s  ago t h e r e  was an i n l e t  to  th e  n o r th ,  
o f  C o ro l l a  and th e  w a te r  o f  t h e  sound was s a l t .  Then a 
g r e a t  dune, p ro b ab ly  Lewark H i l l  i t s e l f ,  had a p a r t  in  
c l o s i n g  th e  i n l e t ,  and th e  w a te r  tu rn e d  f r e s h  . . . "
3New Currituck Inlet. Note that it too was wide and
shallow.
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The co m p le tio n  o f  t h e  Dismal Swamp Canal in  1805 may have 
a l s o  p la y e d  a r o l e  in  th e  c l o s i n g  o f  New C u r r i t u c k  I n l e t  a s  t h i s  
e x c e r p t  from Brown (1970) im p l ie s :
" . . .  A p ar t  from com mercial j e a l o u s l y ,  t h e  company 
a l s o  had i t s  s h a re  o f  l i t i g a t i o n  o ver  damaged m i l l s ,  
f lo o d e d  l a n d s ,  and so f o r t h .  The p r i n c i p l e  o b j e c t i o n  
lodged  a g a i n s t  i t ,  how ever, stemmed from th e  d r a s t i c  
change i n  th e  e n t i r e  d ra in a g e  p a t t e r n  o f  t h e  e a s t  s i d e  o f  
th e  Dismal Swamp.4 W ater w hich n o rm a l ly  would have seeped 
th ro u g h  t h i s  a r e a  was d i v e r t e d  i n t o  th e  c a n a l  and found 
i t s  way o u t  a t  t h e  ends. This  caused  a d e s i c c a t i o n  o f  
th e  la n d  on th e  e a s t  s i d e  and a c o r re s p o n d in g  impounding 
and f lo o d in g  on th e  w e s t .  I n  1828, th e  narrow  3 1 / 2 - f o o t  
deep i n l e t  from th e  A t l a n t i c  i n t o  C u r r i t u c k  Sound became 
b a r-bound  and i t  e v e n tu a l ly  c lo s e d  e n t i r e l y .  T h is  was 
s a i d  to  be th e  d i r e c t  r e s u l t  o f  th e  d iv e r s i o n  o f  th e  
w a te r  from th e  s t ream s  w hich had em ptied  i n t o  th e  sound 
and k e p t  th e  i n l e t  upon. W ith l e s s  w a te r  to  d i s c h a rg e ,  
ocean  waves b lo c k ed  th e  p a s sa g e  w i th  sand and , once t h i s  
arm to  th e  se a  was c lo s e d ,  C u r r i t u c k  Sound g r a d u a l ly  became 
e n t i r e l y  f r e s h  and so s p o i l e d  t h e  once p ro sp e ro u s  o y s t e r  
beds and s a l t  w a te r  f i s h i n g  in d u s t r y  o f  th e  a r e a  and 
n e c e s s i t a t e d  a com ple te  r e o r i e n t a t i o n  o f  th e  commerce 
o f  th e  r e g io n .  A p la n  was made im m edia te ly  to  reopen  
t h e  i n l e t  and improve i t ,  b u t  a p p a r e n t ly  n o th in g  e v e r  
came o f  t h i s  . . . "
A f t e r  1828, C u r r i t u c k  was no lo n g e r  a p o r t  o f  e n t ry  in t o  
th e  C a r o l in a s .  The e f f e c t s  o f  t h i s  c l o s u r e  on d e te rm in in g  th e  sub­
s e q u e n t  c u l t u r a l  h i s t o r y  o f  C u r r i t u c k  County a r e  s t i l l  e v id e n t  today  
(Massey, 1971) .  Farm ing, f i s h i n g  and h u n t in g  su p p o r t  a p p ro x im a te ly  
85% o f  th e  p o p u la t io n  (S h arp e ,  1961) and in  300 y e a r s  th e  county  has 
n o t  d eve loped  an in c o rp o r a te d  town, o r  a community o f  more th a n  500 
p e o p le .  P o p u la t io n  of t h e  coun ty  i s  l e s s  than  i t  was 150 y e a r s  ago; 
i n  b r i e f ,  i t  rem ains  a d e p re s s e d  a r e a ,  a te s t im o n y  to  t h e  im p o r ta n t  
r o l e  o f  i n l e t s ,  and s p e c i f i c a l l y  to  th e  im portance  o f  New C u r r i tu c k  
I n l e t  i n  th e  e a r l y  grow th o f  C a ro l in a .
4T h is  e a r l i e r  e a s tw ard  d r a in a g e  o f  th e  Dismal Swamp has been 
v e r i f i e d  by L i c h t l e r  and Walker (1974) .
5New C u r r i t u c k  I n l e t .
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Our n e x t  g lim pse  o f  t h e  Banks comes from Henry B eas ley  
A n se l ,  who w ro te  " R e c o l l e c t io n s  o f  My Boyhood on K n o tts  I s l a n d "  
(U npublished) in  t h e  e a r l y  1900Ts .  W hile  d e a l in g  p r im a r i ly  w i th  
K n o tts  I s l a n d ,  one p o r t i o n  in  p a r t i c u l a r  d e s c r ib e d  th e  Banks. The 
fo l lo w in g  i s  h i s  e y e w itn e s s  d e s c r i p t i o n  o f  "The G rea t  Storms o f  
1846";
" . . .  Along th e  g r e a t e r  p a r t  of th e  N orth  C a ro l in a  
c o a s t  ru n s  a narrow  s t r i p  o f  la n d ,  b each ,  sand h i l l s  and 
m arsh , t h a t  s e p a r a t e s  t h e  ocean from th e  sounds and s e rv e s  
as  a k in d  of b re a k w a te r  between th e  ocean on one s id e  and 
t h e  b e a u t i f u l  sounds, th e  low ly in g  i s l a n d s  i n  them, and 
t h e  m a in land  on th e  o t h e r .
T h is  narrow  s t r i p  i s  commonly c a l l e d  The Banks, 
p ro b ab ly  b e ca u se  o f  i t s  enormous banks o r  l o f t y  dunes o f  
p u re  sand .  Though s p a r s e ly  i n h a b i t e d ,  i n  p la c e s  i t  
c o n t a in s  a goodly  number o f  p e o p le .  K n o tts  I s l a n d  i s  
th u s  p r o t e c t e d  from t h e  p lu n g in g  A t l a n t i c  by a narrow  
bay and The Banks w hich a r e  between th e  i s l a n d  and th e  
ocean  a m i le  o r  so to  th e  e a s tw a rd .
The p e o p le  l i v i n g  on th e  m ain land o f  th e  i s l a n d  
d id  n o t  know what had ta k e n  p la c e  on i t s  w a te r  f r o n t s ,  
b u t  th e  news f lew  t h a t  th e  A t l a n t i c  was now b re a k in g  
on th e  i s l a n d  s h o r e s .  I  w i th  o th e r s  went down to  th e  
bay s i d e .  Such a s i g h t  had n e v e r  been seen  b e f o r e .
No m arsh , no b each .  The to p s  o f  a few m ountainous 
sand  h i l l s  w ere  a l l  t h a t  cou ld  be s e e n .
The g r e a t  s a l t  waves w ere  b e a t in g ,  pounding  and 
b re a k in g  a t  ou r  f e e t .  N oth ing  o f  la n d  ocean-w ard  was 
v i s i b l e  ex c e p t  t h e  t r e e  to p s  o f  Wash Woods and Freshpond 
I s l a n d  and th e  to p s  o f  th e  l a r g e r  sand  h i l l s .  The 
ocean  ebbed and flow ed on t h e  i s l a n d  s h o re .  High 
w a te r  must have been from e i g h t  to  10 f e e t  h ig h e r  than  
no rm al.  N ea r ly  e v e ry th in g  was submerged.
I t  was n o t  long  b e f o r e  a s c o re  o f  p e o p le  were 
g a th e re d  w i th  us  each la m en tin g  th e  c a la m i t io u s  
s i t u a t i o n .  Hogs, c a t t l e  and sheep on m arsh es ,  beach 
and low la n d s  a l l  gone, a l l  f e n c e s  blown f l a t ,  a l l  
w a te r  fe n c e s  washed away. E v e ry th in g ,  in c lu d in g  th e  
dead an im als  had been c a r r i e d  down th e  sound . . . .  The. 
s e r io u s n e s s  o f  i t  a l l  was a p p a re n t  . . . .
. . . .  B e fo re  t h i s  s to rm  t h e  beach  o p p o s i t e  K no tts  
I s l a n d  c o n s i s t e d  o f  l o f t y  sand h i l l s  and h igh  sand 
r i d g e s .  These had in  g r e a t e r  p a r t  accum ula ted  s in c e  
t h e  War of 1812. T h is  I  l e a r n e d  from th e  fo l lo w in g  
f a c t s :  The t i d e s  o f  th e s e  s to rm s c u t  th e s e  h i l l s  and
r id g e s  away and in  t h e i r  s t e a d ,  a t  a c e r t a i n  p o in t  on
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t h e  beac h ,  ap p ea red  to  t h e  g r e a t  wonder o f  th e  young, a 
l a r g e  t h i c k e t  o f  dead c e d a rs  whose g i g a n t i c  arms s t r e t c h e d  
heavenward.
U ncle Johnny B eas ley  knew a l l  abou t th e s e  ce d a rs  f o r  
h e  had b o i l e d  s a l t  u n d e r  th e s e  t r e e s  i n  th e  War o f  1812 
and t h e i r  t h i c k  f o l i a g e  had s c re e n e d  him and o th e r s  from 
th e  view o f  t h e  B r i t i s h  as  they  p assed  up and down th e  
c o a s t .  I  b e l i e v e  th e  s a l t  w a te r  from th e  sea  was h a u le d  
to  t h i s  p la c e  to  make th e  s a l t - a  slow p ro c e s s .
He s a id  he  had l e f t  t h r e e  o f  h i s  k e t t l e s  t h e r e  where 
th e y  had sanded  up w i th  th e  t r e e s  and now h e  cou ld  g e t  
them. He go t a crew , I  w i th  them, and went o v e r .  He 
p o in te d  o u t  th e  o ld  s to o p e d  c e d a r  under  which he  had once 
s a t ,  and b o i l e d  s a l t  u n d e rn e a th .  He p o in te d  o u t  th e  
p la c e  where he had l e f t  th e  k e t t l e s .
D igging  down j u s t  below  th e  s u r f a c e  th ey  found two 
o f  them b u t  t h e  t h i r d  one was n e v e r  found. These 
k e t t l e s  w ere t h r e e  by s i x  f e e t  and about 10 in c h es  deep .
U ncle Johnny c a r r i e d  them home a f t e r  they  had been 
sanded  o v e r  f o r  30 y e a r s .  These c e d a rs  w ere dug up , 
c u t  and s p l i t  f o r  v e s s e l  t im b e rs  and f o r  t h a t  pu rpose  
w ere s o ld  to  W a l l i s  Bray and B. T. Simmons.6
. . . .  But N a tu re  had n o t  wreaked f u l l  vengeance on 
th e  I s l a n d .  I n  Septem ber o f  th e  same y e a r  a n o th e r  s to rm  
s e t  i n ,  I  b e l i e v e  on th e  8 th  day of  t h a t  month. I t  
blew h a r d e r  th an  th e  p re v io u s  March s to rm  and i t  would 
have done th e  same damage i f  i t s  p r e d e c e s s o r  had l e f t  
a n y th in g  to  damage. The few c a t t l e  and hogs t h a t  th e  
p e o p le  had g o t t e n  t o g e th e r  from e lsew h ere  d u r in g  th e  
summer w ere away as  b e f o r e .  T h is  s to rm , i t  was s a i d ,  
blew w i th  even g r e a t e r  f o r c e  th an  th e  f i r s t  one; b u t  
s i n c e  th e  wind ranged  f a r t h e r  n o r th ,  th e  t i d e  la c k e d  
two f e e t  o f  b e in g  as h ig h  as i n  th e  form er s to rm .
Then, to o ,  th e  form er s to rm  was a t  s p r i n g - t i d e ,  th e  
l a t t e r  neap t i d e .  T h is  Septem ber s to rm  had th e  same 
s t a y i n g  q u a l i t y  as  th e  fo rm er .  The sound and b a y s ,  
n o rm a l ly  f r e s h ,  k e p t  s a l t  f o r  many y e a r s  . . . "
Sometime d u r in g  th e  p e r io d  from 1800-1860, e x t e n s iv e  lo g g in g  
o f  th e  m a r i t im e  f o r e s t  was u n d e r ta k e n .  Large a r e a s  o f  f o r e s t  a d ja c e n t  
to  th e  beach w ere c u t  down, l e a v in g  b a r e  sand which was s u s c e p t i b l e  
to  th e  w inds . S h o r t ly  t h e r e a f t e r  l a r g e  sand waves began m ig ra t in g  
a c ro s s  th e  i s l a n d .  W hile t h e r e  has been some d e b a te  o ve r  w hether  
th e  O u te r  Banks w ere  o r i g i n a l l y  f o r e s t e d ,  th e  e x te n s iv e  stumps 
p r e s e n t  on th e  beach  between F a l s e  Cape and C o ro l la  a r e  ample ev id en ce .
6Cedar s tum ps, c u t  by man, a r e  now found i n  th e  s u r f  zone.
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P in c h o t  and Ashe (1897) a l s o  commented on th e  c o n t r o v e r s e y :
” . . .  The m a r i t im e  f o r e s t s  e x te n d in g  n o r t h e a s t  and 
so u th w e s t  a lo n g  t h e  e n t i r e  c o a s t - l i n e ,  r i s e  from h ig h -  
w a te r  m ark, co v e r  t h e  narrow  i s l a n d s ,  t h e  s o - c a l l e d  
banks s k i r t i n g  t h e  c o a s t ,  and on th e  m ain land  ex tend  
in la n d  f o r  a s h o r t  d i s t a n c e  . . .
The growth o f  th e  o r i g i n a l  f o r e s t  w here i t  i s  
y e t  p r e s e rv e d  i s  from 40 to  60 f e e t  in  h e i g h t ,  th e  
t r e e s  s h o r t - b o l e d ,  th e  crowns l a r g e  and s p re a d in g ,  
i n t e r l a c e d  i n t o  a dense  canopy. W ater oak , l a u r e l  
oak , l i v e  oak , r e d  c e d a r ,  smooth sw eet bay ,  h o l l y ,  and 
m ock-orange, i n  r e l a t i v e  abundance abou t i n  th e  o r d e r  
named, c o n s t i t u t e  from o n e - h a l f  to  over t h r e e - f o u r t h s  
o f  th e  g row th . Where c u l l i n g  has been  c a r r i e d  on 
o c c a s i o n a l  l o b l o l l y  p in e s  have  g a in ed  a f o o t - h o l d ,  o r  
a b u n d a n t - se e d in g  s p e c ie s  l i k e  yaupon, red  ced a r  and 
th e  l a u r e l  oak  have g r e a t l y  m u l t i p l i e d .
B eg inn ing  a t  t h e  V i r g in i a  l i n e  and p a s s in g  to  
th e  s o u th ,  t h e r e  i s  a c o n s ta n t  i n c r e a s e  in  th e  number 
o f  s p e c ie s  p r e s e n t ,  so t h a t  w h i le  on ly  a few s p e c ie s  
a r e  r e p r e s e n t e d  beyond th e  A lb e rm a r le  sound th e  number 
re a c h e s  a maximum in  t h i s  S t a t e  a t  and around th e  
mouth o f  t h e  Cape F ea r  r i v e r ,  w here a t  l e a s t  two 
s p e c ie s  f in d  t h e i r  n o r th e r n  l i m i t s .  These en a b le s  th e  
m a r i t im e  f o r e s t s  to  be  rough ly  s e p a r a t e d  i n t o  two 
d i v i s i o n s :  one ly in g  to  th e  n o r th  of Cape H a t t e r a s ,
w hich p o in t  may be  c o n s id e re d  to  mark th e  d i v i s i o n  
betw een th e  two; and th e  o th e r  to  th e  s o u th  o f  t h i s  
c ap e .  I n  th e  n o r th e r n  d i v i s i o n ,  w a te r  oak and l i v e  
oak ,  and re d  c e d a r  form n e a r l y  t h e  e n t i r e  a r b o r e s c e n t  
grow th; . . .
P ro b ab ly  n o t  o v e r  o n e - h a l f  o f  th e  a r e a  i s  wooded; 
t h e  re m a in in g  p o r t i o n  i s  n aked ,  on ly  a s m a l l  p a r t  o f  i t  
b e in g  u n d e r  c u l t i v a t i o n .  In  p la c e s  a lo n g  th e  c o a s t a l  
i s l a n d s ,  and t h i s  i s  p a r t i c u l a r l y  t r u e  to  th e  n o r th  o f  
Cape H a t t e r a s ,  t h e r e  a r e  g r e a t  s t r e t c h e s  d e s t i t u t e  o f  
a l l  t r e e  g row th , th e  s o i l  b e in g  a c o a r s e  b e a c h -sa n d ,  th e  
s u r f a c e  o f  w hich r i s e s  i n t o  p a r a l l e l  r id g e s  which re a c h  
a h e i g h t ,  i n  p l a c e s ,  o f  70 o r  more f e e t  above sea  
l e v e l ;  and t h i s  sand ,  b e in g  f ix e d  by no ne tw ork  o f  p l a n t  
r o o t - f i b e r s ,  and c o n ta in in g  no b in d in g  i n g r e d i e n t ,  i s  
c o n s t a n t l y  s h i f t i n g  u n d e r  th e  im pact o f  th e  w inds .
Some such  a r e a s  w ere o r i g i n a l l y  f o r e s t - c o v e r e d ,  b u t  
once c l e a r e d ,  and th e  humus, w hich  was s l i g h t l y  
c o h e s iv e ,  d e s t r o y e d ,  th e  c o n s ta n t  movement o f  th e  
sand b e f o r e  th e  w in d s ,  w hich have p i l e d  i t  i n t o  s h i f t i n g  
dunes , has  p re v e n te d  a g e n e r a l  grow th o f  any k ind  from 
s e c u r in g  a fo o th o ld .  F ish e rm e n Ts houses  have been 
d e s t ro y e d  by th e s e  moving dunes and t h e i r  s i t e s  
o b l i t e r a t e d ,  and o th e r s  a r e  manaced by them. Con-
s i d e r a b l e  a r e a s  o f  f o r e s t  have  been  d e s t ro y e d  by th e  r o o t s  
of t r e e s  b e in g  d ee p ly  covered  w i th  sand o r  th e  e n t i r e  
f o r e s t  b u r i e d ,  th u s  i n c r e a s in g  t h e  e x t e n t  o f  th e  s h i f t i n g  
dunes .  O c c a s io n a l  clumps o f  p r i c k l y  ash  and dev ilw ood , 
which p u t  f o r t h  a d v e n t i t i o u s  r o o t s  from t h e  young tw igs  
as  th e y  a r e  p a r t l y  covered  by t h e  sand ,  o r  t h i c k e t s  
o f  shrubby  l i v e  oak , plum, and sh ru b s  which su ck e r  
f r e e l y ,  m a in ta in  th e m se lv es  i n  some p la c e s  f o r  many y e a r s .
A l l  o ak s ,  e x c e p t  t h e  y o u n g e s t ,  a r e  k i l l e d  by such  
moving dunes .  Red c e d a r ,  h o l l y ,  p a lm e t to ,  mock-orange 
and m y r t l e ,  n o t  r o o t i n g  from th e  young wood a r e  q u ic k ly  
d e s t ro y e d  by th e  c o v e r in g  o f  sand .
Comm ercially  th e s e  f o r e s t s  a r e  u n im p o r ta n t  ex ce p t 
where they  p ro d u ce ,  on some o f  t h e  i s l a n d s ,  a l i m i t e d  
number o f  re d  c e d a r  p o s t s .  T h e i r  p r o t e c t i o n  i s  w orthy 
o f  c o n s i d e r a t i o n ,  however, as  th ey  a c t  a s  a s a fe g u a rd  in  
p r e v e n t in g  t h e  fo rm a t io n  o f  i n l e t s  which would im p a ir  
e x i s t i n g  w a te r  ways . . . ”
The fo l lo w in g  e x c e r p t s  from Cobb (1906) document th e  e f f e c t  o f  lo g g in g
" . . .  T h is  movement o f  th e  sand was s t a r t e d  j u s t  
a f t e r  t h e  C i v i l  War by th e  c u t t i n g  o f  t r e e s  n e x t  th e  
sh o re  f o r  s h ip  t im b e r s ,  and th e  s e c t i o n  i s  s t i l l  known 
as The G rea t  Woods, though  n o t  a s t i c k  o f  t im b e r  
s ta n d s  upon i t  to d a y . .P a m l ic o  Sound f o r  two m i le s  
from th e  H a t t e r a s  s h o re  i s  growing s t e a d i l y  s h a l lo w e r  
from th e  d e p o s i t  o f  blown sand . . .
As a l r e a d y  p o in te d  o u t ,  th e  movement o f  th e s e  
sands was i n  every  c a s e  s t a r t e d  by th e  d e f o r e s t i n g  o f  
a s t r i p  o f  la n d  n e x t  t h e  s h o r e . . . .  On C u r r i t u c k  below 
C o f f e y 's  I n l e t  L i f e  Saving  S t a t i o n ,  th e  sand has 
advanced c o m p le te ly  a c r o s s  th e  i s l a n d ,  and one man, 
moving b e f o r e  th e  advanc ing  sand has a t  l a s t  b u i l t  
h i s  house  on p i l e s  i n  th e  Sound . . . "
A nother e x c e rp t  from S p ears  (1890) d e s c r ib e s  t h e  same s e t  o f  e v e n ts :
" . . .  As was s a i d ,  th e  whole i s l a n d  was covered  w i th  
a g r e a t  f o r e s t  y e a r s  ago. I t  was in  th e  t h i c k e s t  
p a r t s  o f  woods, b u t  n e a r l y  always n e a r  th e  Sound, 
t h a t  th e  p e o p le  b u i l t  t h e i r  homes . . . .
. . .  A d i s t a n c e  o f  o ve r  f o r t y  m i l e s ,  was a lm os t 
c o m p le te ly  covered  w i th  a p ro d ig io u s  grow th o f  t r e e s ,  
among which l i v e - o a k  and c e d a r  w ere c h i e f  in  s i z e  and 
number . . .
The p o p u la t io n  was s p a r s e  th e n ,  b u t  i t  has been 
i n c r e a s in g  i n  such  r a t i o  a s  f a m i l i e s  of from n in e  to  
n in t e e n  c h i l d r e n  may g iv e .  The p e o p le  th e n ,  as  now, 
w ere o f  s im p le  h a b i t s ,  l i v i n g  on c o rn -m e a l ,  f i s h ,  
o y s t e r s ,  p o rk ,  and t e a  made from th e  le a v e s  o f  th e  
yapon sh ru b : b u t  they  had to  have a l i t t l e  money f o r
c l o t h i n g  and to b a c c o .  To o b ta in  t h i s  th e y  c u t  and 
s o ld  t h e  l i v e - o a k  and th e  c e d a r .
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Thus i t  happened t h a t  sp a c e s  a lo n g  th e  s e a s id e  o f  
th e  i s l a n d  w ere denuded by th e  a x e ,  and th e n  burned 
o v e r  by th e  f i r e s  t h e  f ish e rm e n  b u i l t  when th e  b l u e f i s h  
and th e  m ackere l  came swarming i n t o  th e  beach .  In  
t im e ,  and e s p e c i a l l y  d u r in g  th e  g r e a t  demand f o r  l i v e -  
oak , f o r  Yankee c l i p p e r s ,  j u s t  b e f o r e  th e  w a r , 7 th e s e  
sp aces  w ere e n la rg e d ,  u n t i l  a t  l a s t  t h e r e  was a
perm anent w iden ing  o f  th e  whole beach  n o r th  o f  th e
8cape .
I t  was th e n  t h a t  t h e  n o r t h e a s t  w ind, on a b r i g h t  
day , p ic k e d  up th e  sand j u s t  beyond th e  ddge o f  th e  
s u r f ,  and to s s e d  i t  back  in la n d  in  a f i n e  s p ra y ,  when 
i t  f e l l  down, a t  th e  f e e t  o f  th e  l a u r e l ,  and th e  
young c e d a r ,  and th e  young l i v e - o a k  and th e  p in e ,  
and th e  yapon. W ith each f i n e  day th e  p i l e  o f  sand 
in  t h e  sh ru b b e ry  grew, u n t i l  th e  sh ru b b e ry  w i th e re d  
u n d e r  th e  b r e a t h  t h a t  fanned  i t ,  and f i n a l l y  d ie d .
Where th e  g reen  t r e e s  had s to o d  in  a sandy loam, 
a s a n d - r id g e  a r o s e ,  which r e c e i v i n g  th e  b r e a t h  o f  th e  
n o r t h e a s t  g a l e ,  s t a r t e d  on a m is s io n  o f  d e a th  . . . "
At a b o u t t h i s  t im e  g r a z in g  to o k  on m ajor im portance  as  t h i s  
e x c e r p t  from Gibbs and Nash (1961) s t a t e s :
" . . .  Less th an  a  hundred  y e a r s  ago th e  O u te r  Banks 
w ere covered  w i th  t r e e s ,  s h ru b s ,  v i n e s ,  g r a s s e s ,  and 
o t h e r  ty p e s  o f  v e g e t a t i o n  from th e  sound a lm o s t  to  th e  
edge o f  th e  ocean . L iv e  oak , w a te r  oak, dogwood, p in e ,  
sycam ore, p e l l i t o r y ,  h o l l y ,  persimmon, yaupon, and 
m u lb e rry  w ere th e  p r i n i i p a l  ty p e s  of t r e e s ,  growing so 
t h i c k  t h a t  one cou ld  go from t r e e  to  t r e e  on th e  
i n t e r l a c i n g  v in e s  f o r  a d i s t a n c e  o f  one-ha ,lf  ip i le  o r  
more w i th o u t  to u c h in g  th e  ground.
At t h a t  t im e  th e  i n h a b i t a n t s  w ere  p r im a r i ly  engaged 
in  f i s h i n g  and s to c k  r a i s i n g ;  sm a l l  h o r s e s  known as  
b an k e r  p o n ie s ,  c a t t l e ,  sheep ,  g o a t s ,  and hoggs were a l l  
r a i s e d  in  th e  a r e a .  O r i g i n a l l y  th e  s to c k  was k e p t  in  
fenced  e n c lo s u re s  and m arsh  g r a s s  was h a r v e s te d  to  
fe e d  them d u r in g  th e  w in te r  m onths. As t h e  p o p u la t io n  
in c r e a s e d ,  t h e  s to c k  in c r e a s e d ,  f e n c e s  were abandoned 
and soon t h e  g r a s s e s  and o th e r  v e g e t a t i o n  began to  
d i s a p p e a r ,  l e a v in g  v a s t  a r e a s  b a r r e n  o f  a l l  ty p e s  of 
v e g e t a t i o n  (a  f a m i l i a r  c y c le  t h a t  has  been r e p e a te d  in  
many o t h e r  a r e a s ) .  F i r s t ,  h o r s e s ,  th e n  c a t t l e ,  th e n  
sh eep ,  th e n  g o a t s ,  u n t i l  g r a s s e s  and sh ru b s  were gone.
Then fo l lo w ed  th e  hogs t h a t  dug up th e  rem ain ing  ' 
r o o t s .  Can you im agine  a more p i t i f u l  s i t u a t i o n ,  
e s p e c i a l l y  i n  an a r e a  so f r a g i l e  a s  th e  t h i n  sand 
b a r r i e r  o f  th e  O u te r  Banks?
?The C i v i l  War.
8Cape H a t t e r a s .
Ill
As tim e went on, th e  acc u m u la t io n  o f  sand from th e  
b each es  was blown a c r o s s  t h e  b a r r e n  a r e a s  and th e  
v e g e t a t i o n  n o t  d e s t ro y e d  by o v e rg ra z in g  was covered  up 
w i th  d r i f t i n g  sand . S in c e  most o f  th e  p e o p le  were 
engaged in  f i s h i n g ,  t r e e s  w ere used  in  th e  c o n s t r u c t i o n  
o f  f i s h i n g  v e s s e l s ,  o t h e r s  were used  f o r  c o n s t r u c t in g  
b u i l d i n g s ,  and many o t h e r s  f o r  f i rew o o d .  So t h a t  
e v e n t u a l l y  a l l  o f  t h e  s tu r d y  t r e e s ,  w i th  th e  e x c e p t io n  
o f  a few l e f t  around  th e  homes, were used  up o r  
swallowed up by th e  moving san d s .  As a r e s u l t ,  t h e  
s to rm  t i d e s  began to  wash a c r o s s  th e  b a r r e n  beaches  
from th e  ocean to  th e  sound . . . "
S t r a t t o n  (1943) p ro v id e s  a s i m i l a r  d e s c r i p t i o n :
" . . .  O v e rg raz in g  became one o f  th e  m ajor cau ses  
i n  th e  t r a n s f o r m a t io n  o f  th e  a r e a .  The g r a s s  and sh ru b s  
h av in g  been u p ro o te d  by hogs and th e  v e g e t a t i o n  hav ing  
been d e s t ro y e d  by woodsmen, o r  o th e r  lumber i n t e r e s t s ,  
o r  by th e  c a t t l e  and p o n ie s ,  t h e  sands became s u s c e p t i b l e  
to  every  wind and t i d e .  T h is  c o n d i t i o n ,  to g e th e r  w i th  
th e  o c c a s io n a l  v e ry  d ry  sea so n s  in  e a s t e r n  N orth  
C a r o l in a ,  d id  much to  change th e  p h y s ic a l  c o n d i t io n  
o f  t h e  a r e a .  The i n l e t s  to  t h e  s a l t  w a te r  sounds 
became p a r t i a l l y  c lo s e d  and in  some in s t a n c e s  were 
c lo s e d ,  r e s u l t i n g  in  s e r io u s  damage to  t h e  s a l t  w a te r  
f i s h i n g  i n d u s t r y .
The b low ing  sand r e s u l t e d  in  a d e c re a s e  o f  e l e v a ­
t i o n  o f  th e  Banks, c a u s in g  th e  ocean t i d e s  to  f low  over  
i n t o  th e  sounds. The s a l t  w a te r  t h a t  flow ed o ver  i n t o  
C u r r i t u c k  Sound which had alw ays been a f r e s h  w a te r  
s o u n d ,9 d e s t ro y e d  n o t  on ly  th e  food  f o r  t h e  m i l l i o n s  
o f  m ig ra to ry  w a te r  fow l t h a t  w in te re d  t h e r e ,  b u t  a l s o  
ended th e  f r e s h  w a te r  f i s h i n g  i n d u s t r y ,  which was a 
l u c r a t i v e  b u s in e s s  to  th e  r e s i d e n t s  o f  t h a t  s e c t i o n .
Thus, a one t im e  haven o f  r e s t  and b eau ty  had been 
changed to  a b a r r e n  beach  s u b j e c t  to  th e  rav ag e s  of 
sand , w a te r ,  and wind . . . "
E nge ls  (1 9 4 2 ) ,  i n  d e s c r ib i n g  th e  v e r t e b r a t e  fau n a  o f  Ocracoke 
I s l a n d ,  had t h i s  to  say  a b o u t  th e  e f f e c t s  o f  g r a z in g :
" . . .  I t  can n o t be d o u b ted ,  however, t h a t  human 
a c t i v i t y  has  c o n t r i b u t e d  to  and h a s te n e d  th e  p ro g re s s  of 
t h i s  n a t u r a l  p ro c e s s  of change. In  a fen ced  a r e a  o f  
s e v e r a l  a c r e s  n e a r  t h e  K n o l l ,  p r o t e c t e d  from th e  p o n ie s  
and t h e  c a t t l e ,  t h e  t h i c k e t s  a r e  n o ta b ly  d e n s e r  than  
e l s e w h e re ,  and h e re  one f r e q u e n t ly  se e s  s a p l in g  re d  
c e d a r s ,  which a r e  o th e rw is e  ex tre m e ly  uncommon on th e  
i s l a n d  . . . "
9T h is  i s  o b v io u s ly  wrong a s  C u r r i t u c k  Sound had been a body 
o f  s a l t  w a te r  p r i o r  to  t h e  c l o s u r e  o f  New C u r r i t u c k  I n l e t  in  1828.
O o st in g  and B i l l i n g s  (1 9 4 2 ) ,  in  co n c lu d in g  t h e i r  work on 
v e g e t a t i o n a l  z o n a t io n  o r  c o a s t a l  dunes summarized th e  h i s t o r y  o f  
v e g e t a t i o n  in  a s u c c i n t  and s t r a i g h t f o r w a r d  manner:
" . . .  The banks p a r a l l e l i n g  th e  N orth  C a ro l in a  c o a s t  
a r e  e lo n g a te  sandy i s l a n d s  once w e l l  s t a b i l i z e d  by 
v e g e t a t i o n .  B reaks i n  th e  cover  r e s u l t e d  in  b low outs  
which s p re a d  to  form e x te n s iv e  dune a r e a s  . . . "
The im p o rtan ce  o f  o v e rg ra z in g  and lo g g in g  as  th e  cau ses  
o f  m ig r a t in g  dunes a r e  a l s o  m en tioned  by E p le r  (1 9 3 3 ) ,  Cobb (1 9 0 6 ) ,  
S p ea rs  (1 8 9 0 ) ,  S t i c k  (1958) .
D uring  th e  l a t e  n i n e t e e n t h  and e a r l y  tw e n t i e th  c e n t u r i e s  
c o n d i t i o n s  became so bad t h a t  e n t i r e  v i l l a g e s  were abandoned due 
to  t h e i r  b u r i a l  by moving sand dunes (Gibbs and Nash, 1961; S t r a t t o n  
1943) .  The banks became d e s o l a t e ,  g ra z in g  d im in ish e d  and due to  th e
mass e m ig ra t io n  from th e  Banks, t h e  government to o k  a c t i o n  ( S t r a t t o n
1943) .
" . . .  As f a r  back  as  1904, s e v e r a l  o f  t h e  l a r g e  h u n tin g  
c lu b s  endeavored  to  p r o t e c t  t h e i r  p r o p e r ty  by c a r r y in g  
o u t  e r o s io n  c o n t r o l  on a sm a l l  s c a l e .  In  1907 th e  S t a t e  
o f  N o r th  C a ro l in a  c a l l e d  on th e  U n ite d  S t a t e s  F o r e s t  
S e rv ic e  to  a i d  i t  i n  sav in g  what l i t t l e  f o r e s t e d  a r e a s  
rem ained  from th e  moving d u n es .
M eanwhile, e r o s io n  was t a k in g  i t s  t o l l .  The 
s i t u a t i o n  had become so a c u t e  t h a t  in  s e v e r a l  p la c e s  
a lo n g  th e  c o a s t  f o r  a d i s t a n c e  o f  t h r e e  m i le s  o r  more
o r d in a r y  h ig h  t i d e s  w ere ru n n in g  over th e  Banks.
R e s id e n ts  were f a s t  d e s e r t i n g  t h e i r  homes and moving
to  o th e r  s e c t i o n s  o f  th e  S t a t e  . . .
I n  1934 t h e  F e d e ra l  Emergency R e l i e f  Admini­
s t r a t i o n  u n d e r to o k  e r o s io n  c o n t r o l  a lo n g  s e v e r a l  
m i le s  o f  t h e  beach  a d j a c e n t  to  C u r r i t u c k  Sound.
B ecause o f  l a c k  o f  p ro p e r  s tu d y  and m ethods, h ig h  
t i d e s  i n  a few months d e s t ro y e d  th e  e n t i r e  e f f o r t .
In  1935 The Works P ro g re s s  A d m in i s t r a t io n  
r e c r u i t e d  some 1500 w o rk e rs ,  t r a n s p o r t i n g  them to  th e  
a r e a  where o p e r a t io n s  were s t a r t e d  o v e r  more than  125 
m i le s  o f  t h e  c o a s t  l i n e .
The f i r s t  m a jo r  u n d e r ta k in g  was to  e l im i n a t e  th e  
flow  o f  ocean w a te r  o v e r  t h e  Banks. To accom plish  
t h i s ,  i t  was n e c e s s a r y  to  c o n s t r u c t  a b a r r i e r  sand 
dune a lo n g  th e  crown o f  t h e  beach . I f  t h i s  cou ld
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be acco m p lish ed ,  in  a d d i t i o n  to  s to p p in g  th e  o v e rf lo w  
from th e  ocean , i t  would a c t  a s  a w indbreak  to  a l lo w  
t r a n s p l a n t i n g  o f  v e g e t a t i o n  in  i t s  l e e  on th e  sandy 
f l a t s .
E xperim en ts  i n d i c a t e  t h a t  i f  c e r t a i n  ty p e s  o f  
b a r r i e r s  w ere p la c e d  a lo n g  t h e  crowns o f  t h e  beach , 
n a t u r e  would b u i l d  th e  b a r r i e r  dunes . Sand f e n c e s  o f  
a l l  ty p e s  from wood s l a t s  to  j u t e  bagg ing  w ere t r i e d .  
As t h e r e  w ere no m a t e r i a l s  a v a i l a b l e  a long  th e  c o a s t  
and t r a n s p o r t a t i o n  ex tre m e ly  h aza rdous  and d i f f i c u l t ,  
t h e  id e a  was co n ce iv ed  to  p r e f a b r i c a t e  sand f e n c e s  
and t r a n s p o r t  them by t r u c k s  and b a rg e s  to  l o c a t i o n .
I t  d eve loped  t h a t  an o r d in a r y  b ru sh  p a n e l  8 f e e t  
long  and 3 f e e t  w ide was th e  most s u c c e s s f u l  ty p e .  
These w ere p r e f a b r i c a t e d  in la n d  abou t 50 m i l e s ,  where 
b ru s h  was a v a i l a b l e .  I t  was found t h a t  t h e  su c c e ss  
o f  th e  p a n e l  depended on i t s  h e i g h t  and th e  th i c k n e s s  
o f  th e  b ru s h .  I f  th e  p a n e l  was too  h ig h  and too  
t h i c k ,  i t  a c t e d  a s  a w indb reak ,  c a u s in g  a s c o u r in g  
m otion  as  t h e  b a s e  o f  th e  p a n e l ,  d ig g in g  o u t  th e  
p o s t s  to  which t h e  p a n e l  was f a s t e n e d ,  th e re b y  c a u s in g  
i t  to  c o l l a p s e .  I f  t h e  p a n e l  was too  low, w inds of 
v e l o c i t i e s  o f  25 m i le s  would c a r r y  th e  sand co m p le te ly  
o v e r  th e  f e n c e  and was o f  l i t t l e  v a lu e .
A sand f e n c e  o f  t h e  p ro p e r  h e ig h t  and th i c k n e s s  
a c t e d  a s  a p a r t i a l  w indb reak ,  s to p p in g  a p e rc e n ta g e  
o f  th e  sand a t  t h e  b ase  o f  th e  f e n c e ,  a l lo w in g  th e  
b a la n c e  to  go th ro u g h  th e  b ru sh  o f  th e  p a n e l ,  and 
w i th  t h e  d e c r e a s in g  wind on th e  o th e r  s i d e  o f  th e  
f e n c e ,  th e  l a t t e r  a l s o  was d e p o s i t e d  on th e  ground.
When th e  p a n e l  was covered  w i th  sand ,  i t  r e s u l t e d  
in  a l i n e a l  dune w i th  a v e ry  b road  b a s e ,  s lo p e d  v e ry  
much l i k e  th e  n a t u r a l  ocean beach . Thus, th e  incoming 
waves d u r in g  s to rm  and moon t i d e s  would r o l l  up on 
th e  b ase  o f  th e  b a r r i e r  dune and when t h e i r  f o r c e  was 
s p e n t ,  r o l l e d  back  to  th e  ocean . A h ig h  f e n c e  a l s o  
caused  a s lo p e  so s t e e p  t h a t  t h e  waves i n s t e a d  of  
r o l l i n g  up th e  n a t u r a l  i n c l i n e  would pound a t  th e  
b a se  and d e s t r o y  th e  dune. I n  some c a se s  i t  was 
n e c e s s a r y  to  b u i l d  th e  b a r r i e r  dune as h ig h  as  25 
f e e t  above th e  crown o f  th e  beach ; in  o th e r  
l o c a l i t i e s  w here e r o s io n  had n o t  g a in ed  a s  much 
f o o th o l d ,  o n ly  8 o r  9 f e e t  above norm al h ig h  t i d e  
were n e c e s s a r y .
The b ase  o f  th e  b a r r i e r  dune, depending upon 
i t s  h e i g h t ,  was from 40 to  200 f e e t .  The r a i s i n g  
and l o c a t i o n  o f  th e  b a r r i e r  dune cou ld  be accom plished  
by u se  o f  a d d i t i o n a l  sand fe n c e s  e r e c t e d  a t  th e  
p ro p e r  l o c a t i o n  and h e i g h t s  on th e  a l r e a d y  s t a r t e d  
dune, ad d in g  v a r io u s  ty p e s  o f  s h o r t  l a t e r a l s  to  
h o ld  t h e  c o l l e c t e d  sand i n  p l a c e .  Taking ad v an tag e  
o f  t h e  p r e v a i l i n g  winds and v a r io u s  sand c o n d i t i o n s ,  
i n  ap p ro x im a te ly  12 months from th e  b eg in n in g  o f  th e  
p r o j e c t ,  t h e  t i d e s  had been s to p p ed  from w ashing o ver  
th e  Banks.
The s tu d y  o f  t h e  numerous huge sand dunes a long  
th e  c o a s t  i n d i c a t e d  t h e  d i r e c t i o n  and r a t e  p e r  y e a r  o f  
t h e i r  movement. I t  was im p o ss ib le  to  cover  a l l  o f  th e  
dunes w i th  v e g e t a t i o n  and had i t  been p o s s i b l e ,  would 
have r u in e d  t h e i r  a e s t h e t i c  v a lu e .  A gain , by e x p e r i ­
m en ta l  work, i t  was found i f  th e  s o u rc e  o f  sup p ly  o f  
sand was c u t  o f f ,  th e  a c t i o n  o f  th e  dune was g r e a t l y  
r e t a r d e d  and in  most i n s t a n c e s  s to p p e d .  T h is  was 
accom plished  by t r a n s p l a n t i n g  th e  b a s e s  o f  th e  dunes 
and th e  su r ro u n d in g  sand f l a t s  w i th  g r a s s e s  and s h ru b s .  
I n  s e v e r a l  c a s e s  where n e c e s s a ry  to  p r o t e c t  b u i l d in g s  
o r  n a t u r a l  r e s o u r c e s ,  w hole sand dunes were moved by 
d r i f t  f e n c e s  to  a n o th e r  l o c a t i o n  o r  w ere combined 
w i th  a n o th e r  e x i s t i n g  dune.
In  some p la c e s  a lo n g  th e  c o a s t  w ere sh a llo w  
i n l e t s  which had been c u t  th ro u g h  to  th e  sounds by 
ocean t i d e s  b u t  w ere n o t  o f  v a lu e  to  t h e  f i s h i n g  
i n d u s t r y ,  o r  f o r  d r a in a g e  p u rp o s e s ,  and i n v a r i a b l y  
caused  t r a n s p o r t a t i o n  d i f f i c u l t i e s .  These i n l e t s  
w ere c o m p le te ly  c lo s e d  and th e  e l e v a t i o n  o f  th e  
beach  r a i s e d  to  norm al.
R e s u l t s  o f  t h e  work w ere e v id e n t  a lm ost 
im m ed ia te ly .  No lo n g e r  do th e  ocean t i d e s  f lo w  over  
th e  Banks to  h in d e r  t r a v e l i n g ,  wash away th e  beach , 
and k i l l  o u t  t h e  v e g e t a t i o n .
The c o s t  o f  th e  p r o j e c t  ran  w e l l  o v e r  a m i l l i o n  
d o l l a r s .  There  were many s k e p t i c s  when th e  p r o j e c t  
was u n d e r ta k e n  and t h e r e  a r e  s t i l l  s k e p t i c s  a s  to  
th e  u l t i m a t e  v a lu e  o v e r  a long  p e r io d  o f  t im e  of 
th e  p r o j e c t .  Time and t im e  a lo n e  w i l l  g iv e  th e  
a n s w e r . . . "
U n f o r tu n a te ly ,  t h i s  c o n d i t io n  d id  n o t  l a s t  f o r  long
" . . .  more d e t a i l s  on t h e  h u r r i c a n e  o f  September 
14, 1944, a b o u t  which I  had been h e a r in g  a l l  down th e  
C o a s t .  W ith t h e  b a ro m e te r  f a l l i n g  to  27 .97  and th e  
onsho re  w inds b low ing ,  th e  Sea r o s e  and p assed  com­
p l e t e l y  a c r o s s  t h e  r e e f ,  p i l i n g  up w a te r  in  Pam lico 
Sound and f lo o d in g  th e  m a in land .
Suddenly th e  wind d e c re a se d  in  v e l o c i t y  w i th  
app ro ach  o f  t h e  s to rm  c e n t e r ;  th e n ,  i n c r e a s in g  a g a in ,  
i t  blew v i o l e n t l y  from th e  o p p o s i t e  d i r e c t i o n ,  and 
th e  p i l e d  up w a te r  from th e  sound su rg ed  back  and 
washed a c r o s s  t h e  r e e f ,  m e e tin g  t h e  se a s  coming in  
from th e  ocean .
. . .  Much o f  th e  e x t e n s iv e  g r a s s  p l a n t i n g s  made 
in  th e  l a t e  ' 3 0 ' s  has  been l o s t  b ecau se  d u r in g  th e  
war t h e r e  was no money o r  l a b o r  f o r  r e p l a c in g  th e  
g r a s s  washed o u t  by h u r r i c a n e s . . . "  (G uild  and 
F l e t c h e r ,  1947).
115
This i s  r e i t e r a te d  by Gibbs and Nash (1961):
M. . .  With th e  outbreak  o f  World War I I ,  the  
emergency dune s t a b i l i z a t io n  program came to  a c lo s e .
During th e  n ex t f i f t e e n  y e a r s , much o f th e  f in e  
work accom plished by th e  emergency works program o f  
th e  1930f s was l o s t  b ecause o f  th e  la ck  o f m aintenance. 
L iv e sto ck  was s t i l l  running f r e e  on some o f th e  a rea , 
and aga in  la r g e  areas became barren sand f l a t s  where 
th e waves washed a cro ss  from sea  to  sound during  
storm . . . ”
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PHOTO ID
INDEX OF AERIAL PHOTOGRAPHY USED IN THIS STUDY
August 15, 1937 
1 :20,000
U.S. D epartm ent o f  A g r i c u l t u r e  
9x9" B lack  and W hite P r i n t s  
NOS. :
FG 140 143 TO FG 140 162
O c to b e r  21, 1940 
1 :2 4 ,0 0 0
D epartm ent o f  D efense 
9x9" B lack  and W hite P r i n t s  
NOS. :
VI TO V23
March 29, 1955 
1 : 20,000
C oast and G eode tic  Survey 
9x9" B lack  and W hite P r i n t s  
NOS. :
W5726 TO W5744 
W5667 TO W5696
Septem ber 22, 1961 
1 : 6,000
N o rth  C a ro l in a  Highway D epartm ent 
R a le ig h ,  N o rth  C a ro l in a  
9x9" B lack  and W hite P r i n t s  
NOS. :
311, 312, 313
F eb ru a ry  16, 1963 
1 :1 6 ,8 0 0
V i r g i n i a  D epartm ent o f  Highways 
Richmond, V i r g in i a  
9x9" B lack  and W hite P r i n t s  
NOS.:
5-134-110-157  TO 5-134-110-185
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DATE: A p r il 17 , 1975
SCALE: 1 :2 4 ,0 0 0
AGENCY: NASA W allops S ta tio n
W allops I s la n d , V ir g in ia  
FORMAT: 9x9" Color In frared  T ransparencies
(P r in ts  A v a ila b le )
PHOTO ID NOS:
R o ll No. -  W3220102 
Frame NOS. -  138-185
APPENDIX C
ACCURACY OF PARALLAX MEASUREMENTS
S in ce  each  s e t  o f  im agery was a t  a d i f f e r e n t  s c a l e  (1955: 
1 :2 0 ,0 0 0 ,  1961: 1 :6 ,0 0 0 ,  1975: 1 :2 4 ,0 0 0 ) ,  and th e  f i n a l  p ro d u c t  was
in te n d e d  to  be a d iagram  showing changes i n  topography  th rough  t im e ,  
th e  d a t a  o b ta in e d  from th e  d i f f e r e n t  s e t s  o f  im agery had to  be n o rm a l ize d  
to  a common s c a l e .  T h is  was done by su p e r im p o sin g  a g r i d  system  o v e r  
th e  dune i n  each  s e t  o f  im agery , o b ta in in g  p a r a l l a x  m easurem ents , and 
th en  d r a f t i n g  th e  r e s u l t s  a t  a common s c a l e .
The f a c t  t h a t  th e  o r i g i n a l  imagery w ere a t  d i f f e r e n t  s c a l e s  
a l s o  a f f e c t e d  th e  acc u racy  of to p o g ra p h ic  m easurem ents. In  o rd e r  to  
d e te rm in e  th e  accu racy  o f  th e  m easurem ents ,  one p o i n t  on each s e t  o f  
im agery was m easured w i th  th e  p a r a l l a x  b a r  twenty t im e s ,  on d i f f e r e n t  
o c c a s io n s ,  i n  o r d e r  to  d e te rm in e  the  r e p e a t a b i l i t y  and hence , th e  
a c c u racy  o f  th e  m easurem ents . These r e s u l t s  a r e  p r e s e n te d  i n  T ab le  4. 
R e s u l t s  i n d i c a t e  t h a t  r e p e a t a b i l i t y  i s  w i th i n  + .02 m i l l i m e t e r  f o r  
a l l  m easurem ents . However, th e  a c t u a l  e r r o r  i s  d i f f e r e n t  f o r  each 
im agery s e t  due to  d i f f e r e n c e s  i n  s c a l e .  Each m i l l i m e t e r  o f  d i f f e r e n t i a l  
p a r a l l a x  r e p r e s e n t s  a d i f f e r e n t  measurement o f  h e i g h t  depending on 
th e  s c a l e  (1 mm a t  1 :2 0 ,0 0 0  = 36 .3  m; 1 mm a t  1 :6 ,0 0 0  = 10.2  m; 1 mm 
a t  1 :2 4 ,0 0 0  = 43 .1  m). For exam ple, a t  a s c a l e  o f  1 :6 ,0 0 0  th e  e r r o r  
o f  h e i g h t  measurement was + 0 . 2  m e tre ;  a t  1 :2 0 ,0 0 0  th e  e r r o r  was 
+ 0 . 7  m e tre  and a t  1 :2 4 ,0 0 0  th e  e r r o r  was + 0 . 9  m e tre .
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A nother f a c t o r  which in f lu e n c e d  th e  accu racy  o f  measurements 
was o p e r a t o r  f a t i g u e .  O p e ra to r  f a t i g u e  was re c o g n iz e d  as  a f a c t o r  
i n  th e  e a r l y  s t a g e s  of d a t a  c o l l e c t i o n ,  as r e p e a t a b i l i t y  o f  p a r a l l a x  
meaxurements d e c l in e d  a f t e r  ap p ro x im a te ly  t h r e e  h o u rs  o f  c o n t in u o u s  
d a t a  c o l l e c t i o n .  This  problem  was i d e n t i f i e d  by ta k in g  m u l t i p l e  
r e a d in g s  o f  each  d a t a  p o i n t .  Each d a t a  p o in t  was m easured a t  l e a s t  
f i v e  tim es  and th e  average  was u sed  i n  computing h e i g h t .  A f t e r  more 
th a n  th r e e  h o u r s ,  th e  acc u racy  o f  th e  p a r a l l a x  measurements was 
n o t i c e a b l y  red u ce d ,  t h u s ,  d a t a  were c o l l e c t e d  in  tw o-hour s e s s i o n s .
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T able  4. Accuracy o f  P a r a l l a x  M easurements.
Year
ACCURACY OF PARALLAX MEASUREMENTS
1955 1961 1975
XX.81 (mm) XX.20 (mm) XX. 35
.7 8 .19 .36
DIFFERENTIAL .82 .21 .36
PARALLAX .8 1 .24 .36
MEASUREMENTS .8 0 .21 .37
OF ONE .82 .21 .3 4
POINT .79 .21 .35
ON EACH .8 1 .20 .35
PHOTOGRAPH .8 1 .22 .37
.82 .19 .33
.8 3 .21 .35
.8 1 .23 .35
.8 0 .21 .35
.8 1 .20 .36
.82 .19 .37
.7 8 .21 .3 4
.79 .21 .35
.8 1 .20 .36
.80 .22 .3 8
.8 1 .19 .3 4
MEAN .8 0  m .20  .35
(mm)
STANDARD
DEVIATION (+).01 m ( + ) .0 1  m (+ ) .0 1  m
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